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A.  INTRODUCTION 


Animal  and  human  waste  products  have  for  many  centuries  been 
put  to  beneficial  uses  in  many  parts  of  the  world,  particularly  in 
Central  Europe,  China  and  Japan.  These  uses  have  included  burning 
• and  application  to  agricultural  lands  for  crop  nutrient  and  soil  amend- 

ment value.  With  the  advent  of  water  operated  waste  collection 
systems  and  centralized  waste  treatment  plants,  sewage  by-products 
became  less  accessible  and  less  valuable  to  individuals  because  of 
their  lower  concentration  of  nutrients.  In  addition,  an  increased 
awareness  of  public  health  problems  discouraged  any  reuse  without 
stringent  controls.  Consequently  the  collection  and  treatment  of 

waste  products  have  created  disposal  problems  of  major  proportions.  ! 

In  the  United  States,  this  problem  chain  was  fostered  by  short- 
term economic  policies  and  a surplus  of  clean  water,  clear  air  and 
unused  lands  available  for  outright  dumping  of  treatment  plant  residues. 

Greater  attention  to  environmental  considerations  during  the  past  decade, 
accompanied  by  a decline  in  available  natural  resources,  has  brought 
about  a renewed  interest  in  the  potential  reuse  of  all  by-products  that 
were  previously  considered  to  be  only  suitable  for  disposal.  The 
short-term  economic  policies  previously  applied  to  confined  areas  am 
being  replaced  with  much  broader  , environmentally  based  consider  irons 
of  feasibility  for  regional  areas. 

Within  this  overall  context,  the  Pilot  Wastewater  Management 
Program  of  lire  Corps  of  Engineers  has  been  conceived  in  five  metropol- 
itan regions  ihroughout  the  UniLeci  Stai.es:  the  Boston  Region  in  the 
Merrimack  River  Basin,  the  Detroit  Region  in  seven  river  basins 
draining  into  Lake  Erie,  the  Cleveland- Akron  Region,  the  Chicago 
Region  in  several  watersheds  Jr  ining  into  the  south  end  of  Lake 
Michigan  and  the  San  Francisco  Pay  - Delta  Region. 

I 

This  report  presents  the  results  of  the  investigations  of 
extensive  land  sites  (5,000  acres  or  greater)  identified  as  being 
suitable  for  receiving  wastewater  from  the  Sen  Francisco  Bay  - Delta 
[.  Region. 


1 - _Th  e _S  t_udv  Area_ 

I'm  study  Area  selected  Y sit  wn  in  Figure  II— A—  1 and  encom- 
!>  sses  tie.  .’0,000  square  mile  n gion  y tending  from  the  Cascade 
Mountains  in  the  nOtth  to  the  i’chdCbapj  Mountains  in  the  south  a:  i 
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from  the  Sierra  Nevada  Mountains  in  the  east  to  the  Pacific  Ocean  in 
the  west.  It  includes  39  counties  and  five  hydrologic  sub-regions 
having  climates  ranging  from  arid  to  maritime. 


The  water  resources  of  the  western  slopes  of  the  central  portion 
of  the  Coast  Range  Mountains  and  of  San  Francisco  Bay  and  its 
principal  tributaries,  the  Sacramento  and  San  Joaquin  Rivers,  have 

supported  the  development  of  one-  of  America's  most  prosperous  regions.  1 

This  prosperity  has  been  achieved  through  imaginative  development, 

management  and  utilization  of  these  water  resources  in  combination 

with  continuing  expansion  of  land  resource  use.  The  San  Francisco 

Bay  - Delta  Region  has  become  one  of  the  five  larqest  metropolitan 

areas  in  the  United  States. 

The  water  resources  of  the  Study  Area  support  a la-ge  and 
highly  successful  economy  based  on  the  irrigation  of  over  seven 
million  acres  of  agricultural  crops.  The  irrigated  area  is  expected  to 

grow  to  about  nine  million  acres,  by  the  year  2020  if  adequate  water  j 

supplies  can  be  developed.  The  n.adual  deterioration  of  the  quality 

of  available  water , paiticu’  : r 1 y groundwater , is  of  great  concern 

throughout  the  Study  Area.  Increased  uses  of  upstream  waters  and 

introduction  of  concentra'ed  return  flows  have  lowered  the  quality  oi 

water  available  to  many  downstream  users. 

Maintenance  of  lire  existing  level  of  prosperity  in  these  areas 
with  future  developments  will  requite  continuing  w.ercise  of  the 
imaginative  resource  development  and  management  activities  of  the 
past.  Tire  timely  need  and  corresponding  public  concern  for  compre- 
hensive and  innovative  new  concepts  in  resource  development  and 
management  clearly  demand  that  new  piogr.rms  . mslrate  considera- 
tion fo:  values  not  considered  within  trad:  dutcul  resource  development 
programs  . 

Among  these  values  are  those  associated  with  protecting  and 
impro--tnr<  our  environment.  The  water  resources  of  San  Truncisco  Bay, 
the  Sacramento  end  San  Joaquin  F.’vcs,  and  the  Delta  support  many 
unique  arid  important  natural  resources  ot  region- ,1  and  national  in* -west. 

Protection  of  these  resources  has  resulted  ,n  a continuing  effort  to 
effectively  manage 'wastewaters  from  il  .-out  cos. 

Among  1 1 . steps  resulting  from  this  concern  has  been  .mi  < t , 
reflected  throe  li  national , slate  and  local  policies  v.u  construction 
programs  , t"  imp;  ve  'he*  q>  -di'v  of  treated  mmv’ccn-'l  md  industrial 
wastewater;,  prior  to  d"->c. barge  e : rev i vine  hoc  - . ' l,is  ;lt>. 

led  to  a broad  eo.  . *.ion  ol  i a;  wipe)  and  Indus'.:  i -t-  vv  tic  is 
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as  a resource  potentially  suitable  foi  diverse  uses  in  a variety  of 
locations.  Consideration  of  wastewater  as  a usable  resource  reflects 
an  attention  to  economic  and  environmental  objectives  within  the 
context  of  modern  comprehensive  planning  goals. 

Continued  efforts  to  raise  the  efficiency  and  performance  of 
present  waste  treatment  processes  to  meet  or  exceed  projected  water 
quality  standards  will  require  substantial  increments  in  capital, 
operation  and  maintenance  costs.  Prior  to  commitment  to  these  costs, 
evaluation  of  a wide  range  of  alternative  wastewater  management  and 
treatment  systems  is  needed.  One  of  the  least  explored  of  these 
systems  is  use  of  the  earth's  soil  mantle  to  accomplish  wastewater 
treatment  objectives  equivalent  or  superior  to  those  achievable  by  the 
installation  and  operation  of  sophisticated  additions  to  conventional 
treatment  plans.  Substantial  benefits,  represented  by  reductions  in 
waste  treatment  costs,  may  accompany  such  a system.  Of  major 
interest  are  also  the  additional  benefits  which  may  accrue  to  the  land 
sites  through  increased  productivity  and  the  additional  opportunities 
for  further  recovery  and  beneficial  reuse  of  the  wastewater. 

The  concept  0%.. astewater  reuse  offers  a number  of  attractive 
opportunities  for  environmental  enhancement.  Maximum  use  of  natural 
processes  to  accomplish  purification  of  wastewater  is  in  keeping  vjith 
the  goal  of  management  of  all  resources — air,  land  and  water — as  a 
total  recirculating  system.  Opportunities  for  environmental  benefits 
include  the  release  of  presently  committed  higher  quality  water 
resources  for  higher  levels  of  use  and  the  elimination  of  environ- 
mentally undesirable  overdrafts  01  existing  resources  in  water 
deficient  areas. 


2 - Previous  Studies 

In  July  1971,  the  Corps  of  Engineers,  San  Francisco  District, 
completed  a feasibility  repoic  titled  "Alternatives  for  Managing  Waste- 
water in  the  San  Francisco  Bay  and  Sacramento  - San  Joaquin  Delta 
Area"  (Ref.  2).  The  objectives  of  the  study  were: 

"...  to  consider  the  problem  of  regional  waste- 
water management;  to  investigate  the  opportunity 
offered  by  regional  wastewater  management;  a id 
to  explore  the  nerd  lor  a subsequent  more 
detailed  s' tidy  ot  the  problem." 


The  conclusions  of  the  feasibility  report  have  set  the  stage  for  this 
study  to  identify  and  evaluate  specific  land  sites  where  secondary 
waste  treatment  plant  effluent  could  be  constructively  applied  in  a 
manner  that  would  not  endanger  any  of  the  parameters  of  environmental 
quality  and  could,  in  fact,  enhance  the  environment. 


Over  130  land  sites  in  California  are  now  being  used  for  waste- 
water  reclamation  and  these  siter.  produce  an  annual  volume  of  about 
46  bil'ion  gallons  (140,000  acre-feet  per  year)  of  reclaimed  water 
(Ref.  1).  Seventeen  of  these  sites  arc*  located  in  the  12-County  Bay  - 
Delta  Region  and  70  are  located  in  the  combined  Study  Area  of  this 
report.  Thus  the  concepts  and  methods  of  applying  wastewater  to  land 
sites  for  reclamation  purposes  are  not  new . The  scale  of  the  applica- 
tion envisioned  and  the  regional  framework  in  which  land  application 
of  wastewater  has  been  studied  in  this  report,  however,  exceed  the 
scopes  of  any  previous  studies. 

Many  studios  of  proposed  and  constructed  water  resource 
development  projects  have  been  made  in  the  Study  Area  by  various 
federal,  state,  regional  and  local  agencies.  Those  projects  situated 
in  or  near  any  of  the  selected  sites  are  discussed  in  the  Site  Identifi- 
cation section  cf  this  report.  T!.p  availability  of  data  from  these 
studies  range's  from  published  reports  to  unconsolidated  files. 

Although  a considerable  effort  was  made  in  this  investigation  to  gather 
all  pertinent  existing  data,  there  are  some  less  prominent  and  less 
readily  accessible  data  which  have  not  been  used. 


3 - General  Study  Approach 


There  arc*  extensive  land  areas  in  the  Study  Area  which,  although 
requiring  long  conveyance  facilities,  must  be  considered  as  potential 
sites  for  wastewater  application.  From  a practical  standpoint,  however, 
only  a limited  number  of  sit  os  could  be  given  meaningful  evaluations 
and  it  was  necessary  to  identify  those  sites  which  are  representative 
of  much  larger  areas.  Using  this  approach  , on-site  factors  suen  as 
unit  application  and  recovery  rates,  unit  costs  and  potential  benefits 
can  be  made  to  apply  with  some  qualification  to  areas  that  were  not 
selected  for  the  more  detailed  study. 


A screening  method  based  on  exclusionary  criteria  war  . plied 
to  the  70,00(1  square  mile  Study  Area  to  elimina'c  a 1 rc;e  portio  . of  dir 
area  from  further  eoos'deruti  ■ i » for  si  < s.  This  ceroci  no  p*  :pss 
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sites  were  selected  fo.  turtm 
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qualities,  accessibility,  soil  suitability  and  other  comparative 
advantages . 

The  nine  representative  sites  selected  for  further  evaluation 
represent  a broad  range  of  alternatives  for  application  of  wastewater 
to  lands  in  the  Study  Area  rather  than  just  the  lowest  cost  alternatives. 
Four  of  the  sites  selected  (Sites  5,  12,  27  and  43)  will  probably  be 
more  expensive  to  develop  from  the  technical  engineering  standpoint 
but  are  expected  to  provide  primary  economic  benefits  to  the  land  with 
secondary  benefits  to  the  environment.  Three  sites  (Sites  4,  18  and 
2 1)  were  selected  to  represent  the  opportunity  for  primary  environmental 
enhancement  with  some  secondary  economic  benefits.  Only  two  of  the 
sites  (Sites  28  and  42)  were  selected  because  they  are  near  major 
wastewater  sources  and  thus  will  approach  a minimum  cost  of  develop- 
ment. 


The  characteristics  and  distribution  of  each  dominant  soil 
association  occurring  in  the  nine  selected  sites  were  identified  and 
vegetative  covers  recommended  for  each.  The  four  general  categories 
of  vegetative  cover  recommended  are  forests  on  the  steep  uplands, 
pasture  grasses  on  the  terraces  and  uplands,  general  crops  on  the 
basins  and  alluvial  fans,  and  marsh  type  grasses  on  the  alluvia!  fans 
used  for  high-rate  applications.  Three  limiting  rates  of  wastewater 
application  are  given  as  follows: 

1.  Soil  application  and  infiltration  capacity  limit 

2.  Vegetation  survival  limit 

3.  Vegetation  optimum  growth  limit 

The  resulting  rates  of  water  lecovcry  and  groundwater  recharge 
are  presented  for  three  alternative  combinations  of  land  use  and 
wastewater  application  rates. 

Potential  methods  and  problems  in  developing  and  managing  a 
typical  watershed  of  a site  were'  investigated  as  well  as  piobablr 
ranges  in  unit  area  costs  and  gross  crop  economic  values. 

A baseline  environmental  assessment  of  fish,  wildlife, 
recreation  and  public  health  based  on  available  published  date,  and 
judgments  was  carried  out  for  the  selected  sites.  Future  rnv>r  mmenfal 
studies  required  and  their  relative  importance  wore 
identified  for  each  of  the  sites.  Some  of  the  mote  obvious  changes 
in  environmental  conditions  with  future  wastewater  application  to  the 
sites  arc  identified  end,  where  needed,  potential  mitigation  of 
undesirable  effects  is  discussed. 
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4 - Technical  Consul  tdnts 


Recognizing  the  need  for  specialized  expertise  and  local 
experience  in  a wide  range  of  engineering  and  environmental  areas, 
a team  of  Special  Technical  Consultants  was  organized  at  the  outset 
of  this  investigation.  The  consultant  team  was  composed  cf  the 
following: 


Consultant 


PBQ&D , Inc. 

Paul  H . Gilbert 
11  arold  K . Cre-'-d 

Kenned y E nqinco rs , Inc  . 
Robert  M . Kenned'-’ 
William  A.  Anderson 


Technical  Areas 
General  Consultant 


Water  Quality  and 
Public  Health 


Harding,  Miller,  Dyson  and  Associates  Geology  and  Ground 
Richards.  Harding  Water 

Frank  C.  Boerger 

Jonc  & Stokes  Associates  , Inc.  Fish,  Wildlife  and 

Recreation 

Overall  Environmental 
Analysis 


Soils,  Vegetation,  Water 
Quality  and  Drainage 

Forestry 


General  Review 
Geneial  Review 

The  consultant  team  participated  in  two  general  mee lings  during 
the  initial  phase  of  the  investigation.  Based  on  these  meetings,  six 
reports  were  prepared  on  site  eve.  Uni  ion  criUiia.  All  c<f  the  consultant! 
contributed  site  c-  ihntion  matc-in  •.*  tin. I l ave  been  incotpor  • • 
directly  into  Vclu»nnr.  1,  II  and  ill  thejr  0 material  . «vt 


Charles  M.  Hazel 

San  Fran  cisco  Pen’  Marine 
Research  Center 
Curtis  L.  Newcombe 
Herbert  L.  Mason 

James  W . Biggar 
James  N.  Luthin 

Stone  an d^ A s soci ates 
Edward  C.  Stone 

Robert  M.  Hagan 

P.  H.  McGauhey 


been  assembled  in  Volume  IV  of  this  report.  Their  work,  is  also  cited 
in  the  Bibliography. 
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I - Pro  sent  and  Projected  Wastewater  Flows 

The  present  and  projected  average  annual  flows  of  wastewater 
from  each  of  the  12  counties  cf  the  Study  Area  are  given  in  Table  II-E-1  . 
The  total  projected  flow  (1  . 6 billion  gallons  per  day  or  about  1 .8  million 
acre-feet  per  year)  is  substantial,  and,  if  collected  at  one  point,  would 
provide  a significant  contribution  to  California's  total  water  supply. 

Considering  typical  rates  of  water  utilization,  the  estimated 
volumes  of  wastewaters  originating  in  the  Study  Area  in  the  year  2000 
(1.8  million  acre-feet  per  year)  woula  be  sufficient  to  w-.tisfy  any  one 
of  the  following  uses: 

a.  Supply  of  annual  irrigation  water  demand  of  between 
300,000  and  600,000  acres  of  agricultural  land. 

b.  Supply  of  sufficient  process  water  anm  Uy  for  & : ut  d m of 

large  industrial  complexes  compos  'd  of  high  wate;  m • 
industries . One  such  industrial  isi  m Id  he  ad  iuate 

cooling  water  for  80,000  meguwati  oi  thermal  general  Rio 
capacity. 

c.  Supply  of  the  annual  requirements  of  300,000  < eves  of  wet- 
land area  within  the  Pacific  Fiyway  used  for  wince. in., 
habit  ,t  and  production  of  watei.fowl. 

d.  Enhancement  of  between  0.5  and  1.8  million  acres  . f ]<  nd 
with  native  vegetation  to  di\ ersify  cegr  tu  1 COVCr  / ».  •••.*!' C i;V 
improving  the  character  of  the  landscape-  of  these  us 
and  creating  now  wildlife  habitats. 

e.  Provide  from  0.4  t i 0.9  million  acre-feet  of  water  annually 
for  the  augmentative.  of  flows  in  a number  of  moderately 
large  .-.reams  lo  cooutc  or  on!  men  aquatic  coini;  initios  in 
there  .•  tic  in.  -ii  : to  provide  see  tor '-oriented  recreational 
oupoi  tuniti'.'S . 

f . Supply  < 1 . 8 million  acre-feet  of  watei  annually  lo  the 

Suer..- Mcnlo-m  n 1 • quit-  1 ' c : t ■ ,.nd  Suisiin  Buy  for  flushing, 
to  ar;  . : in.i  ••  io.i  ....  t ..  t d to  ldicve  . h.e  mo  jot 

storm;.  ‘ • • • : c ; the  ’■  w . id  to  del  i \ < ■> 

ovi"  i : ..11  ion  . o cm  o’  i-  c -.  n.tcl water  for  ;rc  , 
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Table  II-B-1 

PRESENT  AND  PROJECTED  MUNICIPAL  WASTEWATER  FLOWS 


County 

Present 
Average 
Flow  \ J 
(MGD) 

— 

Design 
Flow  _1 / 

(MGD) 

Projected 
Flow  for 
Year  2000  2/ 
(MGD) 

San  Francisco 

120 

166 

130 

San  Mateo 

65 

91 

98 

Santa  Clara 

160 

200  3/ 
— 

350 

Alameda 

126 

296 

208 

Marin 

28 

37 

GO 

Sonoma 

16 

19 

45 

Ne  pa 

7 

14 

21 

Solano 

22 

67 

71 

Contra  Costa 

61 

87 

347 

Yolo 

14 

15 

40 

Sacramento 

80 

127 

161 

San  Joaquin 

34 

68 

77 

_ _ 

Total 

733 

1087 

1608 



NOTES; 

J J Fiom  "Existing  Municipal  Wastewater  Dischargers  in  the  12-County 
San  Francisco  Bay  and  Sacramcnto-San  joaquJn  Delta  Region,"  Corps  of 
Engineers  (tabular  data)  . 

2 / From  correspondences  '.om  Coips  of 
population  projection r . 

Engine-:;)  v.  and  based 

on  county 

_3/  Value  ertimat. 

I cause  data 

ny. 

P PQ  D,  Tec . 
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The  projected  water  quantity  estimates,  given  in  Table  II-B-1, 
are  based  on  the  trends  of  several  parameters.  Population  forecasts, 
land  use  projections,  anticipated  industrial  growth  and  changes  in 
industrial  processes  and  wastewater  treatment  technology  are  all  factors 
that  can  markedly  affect  the  validity  of  these  estimates. 

Increases  in  the  per  capita  household  consumption  of  water  will 
probably  continue.  Greater  utilisation  of  labor-saving  home  appliances 
such  as  automatic  clothes  washers,  dishwashers  and  home  garbage 
grinders  will  produce  greater  volumes  of  water,  detergents  and  organic 
waste  loads  in  sewage. 

However,  plumbing  devices  are  available  which  could  substan- 
tially reduce  certain  elements  of  household  water  usage.  The  British 
dual  cycle  water  cl  • r 2.5  gallon  flush  for  solids  and  1.2S 

gallons  for  urine;  the  average  flush  tank  volume  in  Sweden  is  less  than 
three  gall  . : . American  fixtures  require  5 to  6 gallons  for  each  use. 

The  volume  of  industrial  wastewaters  can  be  controlled  by  reuse 
of  wastewater:  , ; or  •ration  of  storm  runoff  and  relatively  clean  non- 
process water:'-  fro  a prot  •>.  s waste,  changes  in  the  industrial  processes 
and  thr<  igh  • sei  tion  oi  water. 

11  has  her  a .ssumed  that  in  the  year  2000  all  non-process  flows 
such  as  cooling  water  wall  be  discharged  directly  into  an  estuary  or 
other  nearby  Ivy  of  water.  Non-process  water  is  usually  of  such 
quality  that  it  n ' nt  eighboring  watt  i with 

a minimum  of  on-  ite  treatment,  ? .nee  mo.  t of  this  non-process  waste- 
water  is  cooli:  j water  , the  only  treatment  necessary  may  be  to  cool  it 
sufficiently  to  avoid  thermal  pollution.  Non-process  wastewaters  could 
also  bo  applied  to  land  sites  but  wo  rid  in  -re.i  e the  ■ i,:e  of  wastewater 
treatment  and  conveyance  facilities  and  1,  nd  . rear  required. 

2 - Projected  \V  Treatment 

All  wastewaters  including  industrial  wastewaters  available  to 
the  regional  llr  ;t ion  and  conveyance  . ter  re  rssuim  . t h ve 
received  standard  or  equivalent  secondary  treatment.  Normal  unit  pro- 
cesses of  secondary  treatment  are  screening,  so  hmentation,  prim  >ry 
skimming  and  cl  .rification,  aerated  dige  tion  of  the  \va:  tc water,  secon- 
dary clarification,  sludge  thickening  o'  ••.  o -nd  do  infection. 

In  addition,  inriu.  trial  wastewater . re  s:  um.  u io  have  been  sufficiently 
treated  to  1 a acceptable  ton  iv  r w ! • , t ■ . tmcr.t  p!  ut. 

figure  II-B-1  gives  a concoj-i  i >1  b ; m : .m  r t • -o  < m.  r.sl 
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conceptual  flow  diagram 

WASTEWATER  AND  RESIDUAL  SCUDS  LAND  DISPOSAL  ALTERNATIVES 

REGION  * WlOE  COMBINED  MUNICIPAL  AND  INDUSTRIAL  WASTEWATERS  - YEAR  2000 
(based  on  CONVENTIONAL  activated  sluoge  treatment  SYSTEM) 

Figure  II  - B - 1 


activated  sludge  treatment  process  and  the  alternative  methods  of 
handling  waste  products. 

Table  II-B-2  gives  the  average  constituent  removal  coefficients 
expected  for  secondary  waste  treatment  in  the  year  2000.  The  removal 
coefficient  for  total  dissolved  solids  (0)  assumes  that  there  is  an  equal 
conversion  of  organic  disserved  solids  to  suspended  solids  and  of  organic 
suspended  solids  to  inorganic  dissolved  solids  during  the  treatment  pro- 
cess. The  removal  efficiencies  cited  in  Table  IT-  R-2  arc  consistent 
with  current  processes.  It  is  expected  that  most  plants  that  will  he  in 
operation  in  the  year  2000  are  plants  now  in  operation  or  in  the  design 
or  construction  phases.  Existing  plants  are  expected  to  be  upgraded 
to  provide  this  degree  of  treatment  , and  plants  in  the  design  or  construc- 
tion phase  will  provide  secondary  treated  effluents.  It  is  also  assumed 
that  for  plants  that  become  overloaded  the  units  built  will  maintain  this 
standard  of  sewage  treatment. 

Existing  plants  are  of  the  analogic  treatment  type.  Physical- 
chemical  treatment  of  wastewater:  rid  icrtinry  treatment  may  be  accom- 

plished for  select  dischargers  in  the  near  future.  However,  the  impact 
of  the;  u advances  on  the  rote.  1 voju'  .e  of  predicted  wastewater  availa- 
bility will  . • : thei  limited  in  the  ! tudy  Are  i 1 ei  >re  the  year  2000. 
Therefore , the  tre  truant  plant  effluents  discus;*  u in  this  section  are 
considered  lo  have  been  treated  l y conventional  biological  processes 
and  disinfected  to  current  standards. 

It  is  assumed  that  disinfect. on  will  be  accomplished  * ' the 
point  that  there  \ 11  ©t  be  a public  healtl  ha  ird.  With  a < 1 sec- 

ondary effluent,  one  that  is  highly  larifii  and  xidi;  1 , g<  , trol 
of  microorganisms  can  be  attained  by  chlorination.  Numerous  viru  t 
arc  more  resistant  to  chlorine  tlm.u  col i form  bacteria  (the  stand  rd 
indicator  for  hoc; ■••rial  pollution) . Methods  of  using  viruses  os  an 
indicator  of  chlot ir:  .lion  afiiciency  with  ]."\icu  icnl  analysis  for  routine 
use  are  not  yet  avail  ible.  Except  lor  hepatitis,  clearly  defined  out- 
break! of  viral  d set  ;es  traced  ■ > waters  h ive  been  rare.  Advance: 
in  the  area  of  disinfection  ot  * ..  dewaters  include  the  use  of  oxonc, 
which  i • videl>  u »ed  in  Europe,  an  i ,diati  >n.  With  a iv;  i :ein<  ..  in 
detect! nq  viruses-  and  tlio  appli ; 't,r.i  o'  new  techniques  ot  disinfection, 
it  is  expected  that  the  public  her  Hh  huXord  fro;-.  micr  ■ n-ms  in  the 
wastewaters  will  continue  lo  in  mi • • and  co  troll,  bln. 

There  % , however,  1 ndi  cis  limiting  the  use  of  se\v3g< 
irrigation  water.  Thu  State  of  C<  1 norma  Public  Health  Service  let-unr  •; 
a median  MP  . ■!  2.  100  m!  t i . j y irrig  t:  >n  of  j i c'uc<  nd  ■ m i . 

M PN  of  23/100  ml  for  irrigation  of  rocess*  »d  (\cf . 11) , . • ■ ; 


r> 


dards  for  other  constituents  are  not  given.  In  general,  the  regional 
water  quality  control  boards  judge  waste  discharge  requests  on  a case 
by  case  basis  and  in  terms  of  established  objectives  for  use  of  the 
receiving  waters.  The  boards  have  not  in  the  past  set  water  quality 
standards  for  irrigation  water. 


n-r-a 


Table  1I-B-2 


ESTIMATED  SECONDARY  TREATMENT  PLANT 
REMOVAL  COEFFICIENTS  1/ 


Constituent 

Estimated  Removal 
Efficiency  (percent) 

Biochemical  Oxygen  Demand  (BOD) 

- 90% 

Total  Nitrogen  (TN) 

- 30% 

Total  Phosphorous  (TP) 

- 30% 

Total  Suspended  Solids  (TSS) 

- 90% 

Total  Dissolved  Solids  (TDS) 

- 0 - 

Phenols 

- 80% 

Gross  Heavy  Metals  (GHM) 

- 40% 

Oil  and  Grease  (O&G) 

- 70% 

NOTES: 

1/  From  Ref.  2 
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3 - Projected  Wastewater  Constituents 


The  constituent  data  for  treated  municipal  wastewater  given  in 
Table  II- B- 3 have  been  prorated  according  to  the  latest  flow  projections 
given  in  Table  II— B—  1 . The  untreated  quantities  in  Table  II-B-4  were 
obtained  by  applying  the  removal  coefficients  from  Table  II- B- 2 to  the 
municipal  treated  quantities  in  Table  II-R-3.  Table  II - B- 5 gives  the 
individual  breakdown  of  industrial  waste  constituents  which  have  been 
grouped  by  counties  using  the  code  numbers  given  the  industries  in  the 
Kaiser  study  (Ref.  3).  Missing  data  has  been  supplemented  by  Table 
II-B-6  which  has  been  averaged  from  the  data  reported  by  Brown  and 
Caldwell  Fngineers  in  their  study  of  Contra  Costa  County  (Ref.  4).  Use 
of  these  supplementary  data  is  valid  for  Contra  Costa  County  but  there 
is  some  argument  against  their  use  for  the  other  counties.  There  are 
differences  in  the  water  supply  in  each  area  and  variations  in  the  raw 
materials,  processes  and  operation  and  maintenance  programs  within 
different  plants  in  the  same  industry.  These  differences  are  responsible 
for  the  variations  in  wastewaters  horn  similar  industrial  types  at  different 
locations.  Fal  : 7 give  th<  varisti  ns  in  water  quality  supplied  to 
the  different  municipalities  and  industries  in  the  12-county  Study  Are  . 

Because  of  the  explainable  variations  in  water  quality  and  be- 
cause the  industrial  flows  in  these  area!  r<  r<  lively  small  com}  red 
to  tii-1  municipal  v.  a stew,  tor  load.-  , Table  II-B-n  liar,  been  used  to  sup- 
plement the  data  in  Table  II— E—  5 for  the  counties  oilier  than  Contra  Costa 
County. 

Table  IT-B-8  arid  II-B-9  consolidate  the  data  in  Tables  II-B-4, 
II-B-0  and  !I-B-o.  The  values  in  Table  II—  B—  10  are  derived  by  applying 
the  removal  coefficients  (Table  II— p.—  2)  to  Table  I(-B-9  and  represent 
the  typical  wastewater  effluents  that  would  be  expected  from  a sn  ,'c 
facility  thit  citin'  provides  standard  second  ; ry  treatment  or  collect . 
the  effluent!  from  county-wide  sc;  r.d  y tr<  tj  lar.ts. 

A review  of  Table  It-B-10  indicates  the  effort  of  industrial 
wastewaters  on  th~  quality  of  wastewaters  from  each  county.  Contra 
Costa  County,  because  if  is  the  ind  istrial  center  of  the  area  (65/.  of 
the  total  projected  flow  i industiial),  is  a striking  example.  The 
wastewater  has  very  high  concentra irons  of  total  dissolved  solids 
(1,000  my/1)  and  phenols  (0.010  n :;/!).  In  Nana  County,  as  another 
example , w : tew  ter  is  n rrkedly  t fit  w . only  orr  m<  joi  industry. 
This  industry  discharges  less  th  e,  per  cent  of  the  total  county  flow 
but  increases  the  average  ..ioncc*i  * of  qr  heavy  met, :1s  (CUM 

from  about  1.2  mg/1  to  the  22.0  r ’ . hov.  n n ! 'l  ie  II-B  Ml. 
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Table  II-B- 
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Table  II-B-7 


VARIATION  IN  QUALITY  OF  MUNICIPAL  WATER  SUPPLIES  1/ 


Utility 

Source  of  Supply 

Average  Total 
Dissolved  Solids 
( mq/1) 

East  Bay  Municipal 

Mokelumne  River 

50 

Utility  District 

Upper  San  Leandro 

110 

San  Francisco 

Reservoir 
Tuolomne  River 

30 

Peninsula  Reservoir 

450 

Sacramento 

Sacramento  Rrver 

120 

San  Jose 

Local  Supplies 

260 

Stockton 

Local  Supplies 

280 

NOTES: 

\/  From  Ref.  4.  PBQ&D,INC. 
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Many  wastewater  constituents  have  not  been  reported  because 
there  is  insufficient  reliable  information  available.  The  lack  of  com- 
plete information  for  phenols  is  obvious.  More  complete  information 
would  include  a breakdown  of  the  heavy  metals  (mercury,  copper,  lead, 
chromium,  etc.),  the  inorganic  metals  (sodium,  magnesium  and  calcium) 
and  the  salt  radicals  (chlorides,  carbonates,  . ulfates  and  bicarbonates). 
These  data  would  permit  a determination  of  '.he  sodium  adsorption  ratio 
(SAR)  which  is  a means  to  classify  waters  with  respect  to  the  potential 
of  sodium  to  cause  leaf  burn  in  sodium  sensitive  plants  and  the  residual 
sodium  carbonate  (RSC)  which  is  a measure  of  potential  impairment  of 
soil  permeability  by  sodium.  The  lack  of  these  data  can  be  significant 
when  considering  the  application  of  wastewater  to  land  sites.  Many 
crops  have  limited  tolerances  to  salts,  trace  elements  and  other  toxic 
materials  and  the  wastewaters  should  be  analyzed  to  determine  the 
quantities  of  these  specific  constituents . When  the  specific  wastewater 
constituents  are  known,  the  suitability  of  various  soils  and  crops  for 
wastewater  application  can  be  more  precisely  determined.  A wastewater 
not  meeting  the  required  quality  can  be  further  treated  or  specific  v/aste- 
water  sources  excluded  from  land  application. 

4 - FI uctuatioi  1 _c : Wa stewater  Discharges 

Wastewater  discharges  exhibi  • seasonal , diurnal,  weekly  and 
accidental  fluctuations.  Seasonal  fluctuations  are  caused  by  industries 
and  seasonal  weather  patterns.  Principal  seasonal  industries  are  the 
food  pecking  and  canning  industries  which  operate  at  peak  activity 
during  the  later  summer  and  fall  months. 

Precipitation  dining  the  November  through  Match  period  will 
increase  the  flow  in  sanitaiy  and  combined  .-.ewers  through  infiltration 
of  ground  water  and  illegal  connection  of  storm  drains  to  sanitary 
sewers.  The  incieasud  velocity  during  these  high  flows  flusn  accumu- 
lated organic  and  inorganic  deposits  to  the  treatment  plant!  . Many 
plants  serving  combined  sewer  systems  bypass  then  influents  directly 
into  neighl  iring  receiving  waters  during  short  periods  of  high  flow. 

Industrial  variations  depend  on  the  process  operation  and  main- 
tenance aetbotv  of  individual  industries.  In  addition,  accidr  ntal  .1 
intermittent  dischvi  ges  of  very  strong  wastewaters  containing  toxic 
materials  may  occur. 

Diurnal  variations  in  wastewater  flows  are  caused  by  both 
domestic  and  industrial  activities.  Domestic  activity  causes  maximum 
sewage  flows  and  strengths  a;  mid  nornii  j .vi i '■  a less.'!  p.-ak  c.  . unsj 
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in  the  early  eveining.  Weekly  variations  ore  also  dependent  upon  do- 
mestic and  industrial  activity,  generally  resulting  in  lower  loadings  on 
weekends , 

Poorly  constructed  or  maintained  sewers  adjacent  to  the  Bay 
are  subject  to  increased  infiltration  of  Bay  water  and  fluctuations 
which  are  dependent  upon  the  tidal  cycle.  This  infiltration  causes 
increased  flows  and  increased  totai  dissolved  solids  concentration  in 
the  wastewater. 

The  wastewater  available  to  the  land  sites  was  assumed  to  be 
uniform  in  both  quantity  and  quality  throughout  the  year.  The  storage 
capacity  available  in  the  treatment  plants  and  collection  and  conveyance 
systems  would  probably  be  sufficient  to  eliminate  most  normal  fluctua- 
tions. 


C.  WASTEWATER  APPLICATION  AND  SOIL  TREATMENT 


Soils  and  their  associated  vegetation  have  the  potential  to  treat 
wastewaters  to  a high  level  of  purity.  High  re i row  1 of  many  wastewater 
constituents  can  be  obtained  through  the  soil  unit  processes  of  filtra- 
tion, sorption  and  ion  exchange.  However,  these  processes  can  only 
be  maintained  through  careful  management  of  wastewater  application 
rates  and  the  vegetative  cover.  The  frequency  and  duration  of  soil  satu- 
ration must  be  chosen  with  consideration  of  the  soil  type,  vegetation 
desired  and  the  constituents  present  in  the  wastewater.  The  interrela- 
tionships of  these  factors  are  complex.  Pilot  programs  arc  : eg  id  rod  to 
test  the  suitability  of  soils  at  specific  sites  to  treat  wastewaters  and 
to  determine  proper  loading  parameters,  and  management  concepts  before 
large  scale  operations  are  instituted. 


J ~ Soil  Proc.  'sses 

The  principal  physical  and  chemical  treatment  mechanism--  o:  r- 
ating  in  soils  are  fil'a  : ion  and  sore  ion.  They  are  des  aril  l ii  tl  ••• 
following  material  abstracted  £;  >:  Ref.  15,  pp.  127-138. 

"Filtration  is  one  of  iho  most  apparent  processes  for  which 
soil  materials  can  be  utilised  is.  a water  treatment  system.  Not  only  ' 
filtration  important  lor  removing  suspended  particle  s from  w,  elevator, 
but  it  is  also  the  mechanism  that  retains  rn  roorgan  n • . : :ilit?.te 

biological  tri  it  moat  of  dis:  >lvod  ind  suspends  organic  matter . Even 
though  the  removal  of  susrv.  r.ded  particles  from  water  flowing  throi  ,;h 
soils  is  easily  observed , the  processes  involved  n < ifficult  o desci 
except  in  simple  cases.  The  simple  mechanisms , however,  migh! 
combined  to  describe  more  complex  atuations. 

"Criso  1 • Straining  i the  Soil  .Surface.  The  simplest  systci 
to  riei  aril  i:  • nc  havir.  j the  following  conditions : 

a.  Saturated  lam  vr  How. 

b.  IN  aid  medium. 

c.  flt.iv  chest ve  r .t pended  : ..nicies. 

d.  Sv:  ; i :n...  d p..,r’ i:.  h . Larger  than  the  pore  openings  in  the 
medium. 

"lindor  those  o.  .dittoes  the  suspend.-.;  i k tes  accumulate  • 1 
the  oil  ei!  f ice  ..  . v.  deg  p.vmri  through  the  ml  and  .lie  so  p mw: 
tne:  ■ ' ( 1 !;•  line  , .»•  alter.  Such  a ’liter  i • «.  : a ' >U  )i  remo-  . ; r ve. 
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finer  particles,  by  one  of  the  several  mechanisms  herein  described, 
before  they  reach  and  cloy  the  oriyinal  soil  surface.  This  phenomenon 
will  in  fact  largely  be  dominant  if  only  a portion  of  the  suspended  par- 
ticles are  larger  than  the  pore  openings.  As  soon  as  a few  such  particles 
have  accumulated,  they  become  the  straining  surface  for  finer  particles. 

"While  such  a surface  produces  effective,  nearly  complete  se;  mi- 
ration of  fine  suspended  particles,  it  immediately  restricts  the  flow  , 
and  as  the  accumulation  of  fine  particles  becomes  thicker,  its  lower 
hydraulic  conductivity  dominates  the  system. 

" Case  II  - Bridging . When  saturated  laminar  flow  occurs  in  a 
rigid  medium  receiving  noncohesive  rigid  suspended  particles  slightly 
smaller  than  the  pore  openings,  the  phenomenon  of  bridging  becomes,  an 
important  factor.  Under  these  conditions,  suspended  particles  penetrate 
the  soil  surface  until  they  reach  a pore  opening  or  passageway  conduc- 
tion that  a tope  their  passage  by  blocking  then;  individually  or  by  ! ruining. 

"Two  aspects  of  this  mechanism  arc  important:  the  relation  1 e- 
tween  the  large  it  suspended  particle  sice  and  the  sa  ml  lest  constriction 
along  a passageway  determine  whether  this  process  pievails;  and  accu- 
mulation oi  particles  occurs  within  the  pcious  medium  behind  the  g irr.  lee- 
way obstruction,  because  the  particles  accumulate  within  the  pores  of 
the  medium  rather  than  on  the  medium  surface,  the  resistance  to  flow 
through  it  is  greater.  The  resistance  will  be,  say,  two  to  three  timer; 
as  great  as  an  equal  depth  of  fines  under  the  conditions  of  Case  I.  When 
the  pores  fill  to  the  soil  surface,  subsequent  accumulation  will  occur 
in  Case  I . 

"Case  III  - Straining:  ard  Fc  i use ntat  ion . This  case  include!  all 
of  the  conditions  for  Cases  I and  II  except  that  the  suspended  particles 
arc  finer  than  half  of  the  smallest  pore  opening. 

"Removal  under  these  conditions  results  from  flow  of  a portion 
of  the  fluid  through  the  regions  adjacent  to  grain  contacts  that  are  too 
small  in  one  dimension  for  the  passage  of  suspended  particles,  anu 
from  sedimentation  of  particles  from  the  water  flowing  through  enlarge,-.; 
portions  of  passageways. 

"Ch  • : teristic  of  Mech<  ni  sop.  The  straining  mechani  m.  cf 
Cases  I,  II  end  III  diffei  in  the  way  then  removal  races  change  as  ; r- 
ticles  are  removed  and  m the  way  they  affect  the  hydraulic  rasi'tar  c o 
to  flow.  Straining  o?  mixed  port ’do  • ize::  under  the  conditions  of  C -*■ 

I and  II  becomes  more  effective  as  p rtb  les  accumulate.  Si  Mining  o: 
in i xe . 1 particles,  whose  ' ueert  size  is  much  sm  Per  ' nn  ! til  ?r  - 

r -2 
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diameter,  Case  III,  becomes  generally  more  effective  (or  the  smallc  • 
particles  as  the  larger  particles  accumulate,  hut  then  less  effective  ar 
straining  sites  become  filled.  When  the  straining  sites  are  filled,  ,s- 
pended  particles  can  only  be  removed  by  a mechanism  other  than  simple 
straining.  The  available  volume  for  accumulated  fines  is  least  for  the 
straining  conditions  of  Case  III. 

"The  hydraulic  conductivity,  on  the  other  hand,  decreases 
markedly  as  particles  accumulate  under  the  conditions  of  Case  I,  and 
becomes  determined  by  the  conductivity  of  the  layer  of  accumulated 
fines.  The  hydraulic  conductivity  under  the  conditions  of  Case  II  de- 
creases even  faster  than  in  Case  I as  particles  fill  the  pores  of  the  fil- 
ter. Under  the  conditions  of  Case  III,  however,  the  accumulated  parti- 
cles merely  smooth  the  walls  of  the  passageways,  and  the  re  iucti  -n  in 
conductivity  depends  on  the  portion  of  cross  section  removed.  It  will 
in  geneial  be  much  less  than  either  Case  I or  II. 

"Unlike  the  straining  mechanisms,  removal  by  sedimentation, 

Case  III,  is  sensitive  to  diiection  of  flow  and  to  the  lv  a)  ve'n.<  :ty. 
Separation  of  common  organic  particles,  whose  den.  it  in  clc  o t - ti.  .* 
of  water , is  'ccomplished  initially  more  i ipiely  y -training  unde’ 
ordinary  flow  conditions.  As  th<  sti  iriii  j sits  fil  vever , e ... 

tation  is  Qi<  onl;  < misi  U for  se]  ra  tl  1 

very  mall  n tivc  to  those  of  tl  n<  ium.  t 1 

mentation  system  for  holding  removed  particle  ..  appear;  to  f e m :ch  1...  ; r 
than  CuSe  III  straining,  and  because  it  can  cor.tii  ue  over  long  dist  nicer, 
of  filter,  it  can  provide  the  greatest  capacity  for  si.-  rage. 

"Cases  with  Cohesive  Particles.  When  su  ; particlt 

cohesive,  they  can  form  aggn  jat<  . Clay  particles,  bacteri  , 
organic  particles,  and  many  hydrous  oxides  and  other  hydiatc  d con  •••inns 
are  at  least  weakly  cohesive  under  common  conditions.  The  fill,  ition  of 
cohesive  particles  is  the  more  usual  situation. 

"If  the  particles  arc  aggregated  before  they  enter  the  filter,  the 
sice  distribution  and  density  of  the  « ■ ggro-j  ate  * will  determine  their  initial 
removal  rates  as  the  particles  appvo.  ch  or  enter  the  filter,  as  described 
for  particles  under  Cases  I,  II  ur.u  HI.  When  the  particles  accumulate 
on  the  soil  surface  or  clog  pores  by  bridging,  they  will  continue  to  accu- 
mulate an  described  for  rigid  particles.  If,  in  addition,  there  develops 
a sufficient  difference  in  treasure  across  the  clogged  cone,  the  aggre- 
gates will  d foi  m and  be  forced  farther  into  the  pores  of  the  filter  until 
they  appear  a*  the  effluent  of  the  filter  err  until  there  is  sufficient  mech- 
anical resistance  of  iho  aggregates  to  deformation  to  res  st  further  pene- 
tration. This  situa'icn  calls  tc.r  drastic  corrective  action  s.r  • il.ov'  ’ 
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"Cohesion  of  suspended  particles  probably  occurs  infrequently 
without  adhesion  of  suspended  particles  on  the  grains  of  the  Liter 
material.  As  pointed  out  above,  larger  suspended  particles  tend  to  gather 
smaller  ones.  The  argument  can  be  extended  to  the  even  larger  particles 
of  the  filter  matrix. 

"It  is  apparent  that  all  cases  have  not  been  covered  in  this  sum- 
mary. Particles  that  alter  their  character  during  their  passage  or  lodg- 
ment in  the  filter  are  important  but  as  yet  difficult  cases  to  describe. 
Biological  growths,  for  example,  are  of  central  importance  to  this  study, 
but  present  knowledge  limits  the  description  to  (a)  continuously  anaerobic 
growths  cause  clogging;  and  (b)  wetting  and  drying  is  essential  to  main- 
tenance ot  permeable  structure  of  a soil-mineral-oigamc  matrix. 

"Chemical  reactions  that  continue  within  the  filtering  matrix 
also  make  filtration  processes  difficult  to  desciibe. 

"There  is  little  question  that  filtration  system  design  will  bene- 
fit from  level o]  ■.  >1  the  mechanism;  of  tr  ni  < rt,  . jre  jation, 

deformation,  chemical  reaction  and  reparation  processes  that  go  on 
within  th'>  niter  pores. 

"Sorption  is  tiie  second  major  physical/chemical  mechanism. 

The  preceding  sec  tion  on  the  mechanisms  of  removal  of  cohe:  ve  particles 
from  fli  ici  flowing  through  soil  or  soil  materials  can  be  extended  to  in- 
clude removal  oi  molecules,  groups  of  atoms  (droplets),  and  atoms  that 
adhere  by  one  mechanism  or  another  to  the  surfaces  of  sou  matrix  pani- 
cles. No  effort  will  be  made  here  to  distinguish  between  puifcler  held 
near  the  surface,  on  the  surface,  or  in  an  irregular  surface;  the  non.om- 
mital  term  "sorption"  is  used  to  include  a'l  of  these  cases. 

"In  its  most  general  sense,  sorption  can  be  described  as  accumu- 
lation at  interfaces  of  materials,  usually  in  different  phases,  and  it  can 
include  particles  that  migrate  into  the  surbent  (i.c.  , are  absorbed). 

Sorption  by  soil  or  biological  materials  provides  the  separation  oi  di  vived 
constituents  from  wastewaters  and  their  retention  for  bio-degradotn  . or 
chemical  oxidation.  The  buef  description  presented  here  should  i.vlp  in 
the  evaluation  of  the  importance  of  these  processes  to  a wastewate: 
treatment  sys;em  design. " 

"Affinity  of  dissolved  or  suspended  matter  (sorbate)  for  particles 
in  the  soil  (sorbent)  m;- suits  from  the  attraction  of  an  unlike  electro,  t die 
charge  (ion  exchange,  for  example),  van  <ler  Waal’s  attraction  (al  ..  ..ter 


at  close  proximity),  and  valence  bonds.  A fourth  factor  that  contributes 
to  the  affinity  between  sorbent  and  sorbate  is  the  solubility  of  the  sorbate 
in  the  surrounding  fluid.  If  the  molecule  is  hydrophobic,  for  example, 
it  will  try  to  leave  a water  solution  and  will  accumulate  at  any  surface 
not  repulsive  to  it.  These  factors  emphasize  that  sorption  is  a process 
that  involves  simultaneously  the  solvent,  the  sorbate  and  the  sorbent. 

'Most  materials  ate  readily  sorbed  from  water  solution:  water 
molecules  appear  to  like  other  water  molecules  better  than  they  do  most 
substances.  This  is  one  reason  that  so  many  compounds  accumulate  n 
soil-water  and  water-gas  interfaces. 

"One  important  exception  to  this  generalization  is  the  strong 
electrolyte.  . These  are  compounds  that  dissociate  in  water  and  exist 
in  solution  as  independent  charged  particles,  or  ions.  They  appear  to 
have  a ore  iter  affinity  for  water  than  for  other  ions,  they  tend  to  hvdrute 
and  exist  in  clusters  of  water  molecules  if  their  diameter  is  smaller  than 
that  of  the  potassium  ion,  and  they  tend  to  have  a lower  concentration  at 
water-gas  interfaces  than  in  the  bulk  of  the  solution.  Their  charge,  how- 
ever, c .urn  . their  iccumulation  in  solution  near  charged  surface  ~ite: 
on  clay  minerals. 

"ions  held  near  clay  mineral  surfaces  can  be  displaced  by  ether 
.ion  in  so!  : o:  ’exchanged."  Net  exchange , or  alteration  of  he 
proport i >:  f ions  of  different  kinds,  tend.,  to  occur  if  there  is  a creator 

a bur.d  i ■ e f or  e kind  in  the  displacing  solution  than  in  a solution  in 

vs  . he  sorbed  phase , or  if  the  ioi  in  th<  di  1 i i 

have  i size,  01  if  they  have  a greater  charge  that  th< 

timer  > , • .eon  the  ion  and  the  charged  mineral  surface  i-  urr-  .ter. 

"If  a olution  containing  ions  different  from  thorn  in  c i ih  ri  . . 
with  ions  in  the  : irl  ' -i  phase  is  passed  continuously  through  • soil  ;th 
a capacity  t . jt ! ions,  an  Ion  bxchange  Capacity  (IFC) , t'.ete  will  : > 

progressive  exes  mge  in  the  direction  of  flow  betweei  t ho  c in  r-oluti  r. 
and  the  e Ire  ly  sorbed.  There  will  be  a tram  nion  rc  non  w .ore  active 
alterati  . , ■ .inn.. , ml : ■:>  t. 

the  so r:  <■■  i • . , e h i ilready  reached  equilibrium  with  the  ion  n the 
displac’d  ; dutier. . Present  knowledge  is  inadequate  to  • t edict  men 
exchan  •<  r t * , ,d  the  interstitial  solution  compo:  ition  except  in  uer \ 

simple  systems. 

'Two  a.  poets  of  ion  exchange  are  important  t wastewater  treat- 
ment: The  exciu  nqe  process  does  not  reduce  the  ion  co neon: ration  of 
the  v.uicr  on  >n  equivalents  pci  l’ter  basis  because  already  sorbed  b ps 
are  di  placet!  by  the  newly  sobbed  ions.  T'.ie  ict  effec*«  of  io 
on  the  compos  it  l m of  waters  flowinn  through  soils  is  to  delay  t>  < : n- 


r 
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ment  of  the  sorbed  ions.  If  there  is  a temporal  alteration,  such  as 
radioactive  decay,  utilization  by  plants,  or  chemical  reaction,  such  a 
delay  would  be  beneficial.  Otherwise,  the  major  effect  of  exchange 
processes  is  that  already  described  on  soil  structure  and  permeability. 
Eventually  the  sorbed  ions  will  reach  equilibrium  with  the  entering 
solution  along  the  entire  path  of  flow.  If  this  occurs  within  the  life  of 
a wastewater  treatment  system,  the  effluent  constituent  ions  will  be 
the  same  as  those  of  the  influent. 

"When  water  flows  through  soil,  equilibrium  concentrations  ore 
seldom  attained  in  the  region  of  the  "front"  of  intruding  solute.  The 
kinetics  of  such  a system  can  be  limited  by  diffusion  to  the  surface  of 
the  sorbent  particle  (small  particles  move  faster,  the  flux  is  proportional 
to  concentration  gradient),  by  inti aparticle  diffusion,  or  by  the  nature 
of  flow  in  the  porous  matrix.  The  discussion  of  equilibrium  serption  here 
does  show  that  the  factor  important  to  sorption  capacity  is  surface  area, 
or  number  of  sorbing  sites,  and  that  the  relation  between  concentration  of 
dissolved  and  sorbed  phases  depends  on  the  bond  sir  a;  tU  with  which 
the  sorbed  molecules  or  ions  are  held  or  on  the  tendency  fer  the  solvent 
to  reject  the  serbute,  and  on  the  number  of  unoccupied  : iteu  avail  : le 
for  sorption. 

"Sorption  is  a complex,  vital  process,  m wa:  tow  a ter  treatment 
systems  th  it  deserves  further  study.  Sorptiot  : • < can  he  : een 

to  be  essential  parts,  of  filtration,  ion  exchance,  inter!  c accumulations 
and  precipitation  (self-ad;  irption) . It  appeal  tl  I ntit  tivi  letermi- 
nations  of  the  effect;  of  these  orocesses  , if  desired,  wilj  use  lly  have 
to  be  made  on  a sample  of  the  particular  system  it  oil,  or  on  na)o;ous 
sys  ten  s.  Useful  information  for  des  iyn  purp<  s<  . . ■ . i 1 

observing  the  behavior  of  lypiral  wastes  on  the  simplest  porous-  media 
as  done  with  settled  domestic  sewage  by  Orlob  and  Krone.  " (Ref.  15) 


2 - Soil  Classif ication 


Natural  soils  may  be  considered  as  complex  mixed-media  fibers 
having  particle  sizes  ranging  from  over  500  microns  (0.5  millimeter)  to 
less  than  one  micron.  Their  properties,  will  vary  widely  and  this  variation 
is  indicated  by  a variety  of  generalized  descriptive  terms.  Table  II - C—  T 
gives  a few  of  the  methods  and  terms  used  to  clas:  ify  soils. 

No  single  classification  is  sufficient  to  establish  the  hydraulic 
percolation  capacity  (infiltration),  v.vter  holding  capacity  (field  capacity) 
and  structural  strength  of  a parficul  lr  soil.  The  capacities  oi  a soil  to 
support  vegetation  and  to  modify  the  constituents,  of  applied  wastewuo'-i 
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Table  II-C-  1 


SOIL  AND  SUB-SOIL  CLASSIFICATION  METHODS 


Texture  (very  general) 

Particle  Size 
Distribution 

Association  (identities 
characteristic  by  location) 

Surface  Runoff  Potential 

Capability  (for  stated  A/ 
use  such  as  agriculture) 

Geologic  Location 


Light,  medium,  heavy,  etc. 
Sandy  loam,  silty  clay,  etc. 

Yolo- Brentwood , Marvin- 
Rincon,  etc. 

Group  A , B , C , etc . 

Class  I,  II,  III,  etc. 

Marine  Terrace,  Alluvial 
Fan,  etc. 


Parameter 


Descnotive  Terms 


NOTES: 

JL / From  Ref.  29 
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can  be  estimated  with  some  degree  of  risk  by  interpretation  of  classifi- 
cations and  by  judgement. 

A basic  aspect  of  most  soil  classifications  in  the  United  States 
is  the  use  of  descriptive  local  names  such  as  Yolo,  Rincon  and  Panoche 
which  generally  refer  to  towns,  counties  or  other  identifiable  areas. 
Hence,  a Yolo  soil  is  common  in  but  not  restricted  to,  Yolo  County, 
California.  This  same  or  similar  soil  located  in  another  county  may, 
however,  be  given  another  name  such  as  Columbia.  From  these  names, 
coupled  with  a broad  knowledge  of  local  conditions,  a classification  of 
soil  suitability  for  an  identified  purpose  can  be  made. 

Table  II-C-2  gives  a description  of  each  of  the  soil  associations 
occurring  in  the  nine  selected  sites  and  an  estimate  of  its  infiltration 
capacity  without  regard  to  the  vegetative  cover  that  may  be  assigned. 

The  basis  for  this  estimate  is  discussed  in  part  3 of  this  section.  The 
soils  listed  In  Table  II-C-2  are  further  discussed  in  Section  F. 

There  are  presently  no  reliable  parameters  or  probability  distri- 
butions that  describe  the  actual  field  variation  in  areal  extent  and 
ch  iracteristtcs  of  any  particular  soil  association.  Following  sections 
in  this  report  utilize  general  classifications  and  characteristics  of  soil 
associations  and  do  not  demonstrate  the  variations  that  occur  among 
soils  and  within  roil  associations.  The  general  classifications  and 
characteristics  utilized  are  approximations  and  must  be  verified  by 
detailed  field  tests  before  assumptions  of  soil  suitability  and  performance 
are  made  and  before  permanent  facilities  are  constructe  i. 

Even  though  roil  classification  by  generalized  soil  groupings, 
associations  or  capability  classes  admits  the  possibility  of  substantial 
error,  -hey  iiave  been  widely  used  in  the  past  as  a basis  for  planning 
estimates.  The  Bureau  of  Reclamation  uses  generalized  soil  classes 
in  planning  irrigation  projects. 


3 - Soil  - Water  - Infiltration  Relationships 

The  primary  insult  of  the  application  of  wastewaters  to  soil  is  a 
decrease  in  the  permeability  of  the  soil.  Figure  II- C- 1 represents  the 
typical  time  - infiltration  rate  curve  for  applications  of  sterile  water, 
clear  water  and  wastewater  to  soi). 


For  clear  water,  the  first  portion  of  the  curve  (Stage  1)  indicates 
a decrease  in  infiltration  rate  due  to  slaking  of  the  soil.  The  soil  slak- 
ing is  caused  by  the  affinity  of  the  internal  soil  surface  for  water  and 
the  overcoming  of  the  cohesive  forces  holding  the  soil  system  together. 
The  increase  in  infiltration  rate  in  Stage  2 is  caused  by  the  removal  of 
air  entrapped  in  soil  by  solution  intc  the  water.  The  final  portion  of  the 
curve  for  dear  water  (Stage  3)  indicates  a gradual  decrease  in  permeabi- 
lity from  microbial  action  in  the  soil.  The  lack  of  air  in  the  soil-watc  > 
system  allows  anaerobic  organisms  to  feed  on  the  organic  matter  in  the 
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soil-water  system  and  produce  biological  slimes. 

When  sterile  water  is  applied  to  sterile  soil,  the  long-term 
decrease  in  infiltration  rate  due  to  microbial  action  does  not  ocur. 

This  fact  gives  an  indication  that  the  decrease  in  permeability  from 
wastewater  application  is  caused  by  anaerobic  slimes  in  the  soil-water 
system.  The  treatment  plant  effluent  with  its  large  supply  or  organic 
nutrients  causes  a rapid  growth  of  microorganisms  and  a continuous 
decrease  in  the  infiltration  rate. 

Figure  1I-C-2  shows  that  a water-soil  system  should  be  inter- 
mittently rested  to  restore  the  infiltration  capacity  of  the  soil.  In 
resting,  air  becomes  available  to  the  microorganisms  and  the  organic 
material  is  decomposed  by  aerobic  organisms  thus,  "reopening"  the 
clogged  soil  pores  and  restoring  the  infiltrative  capacity  of  the  soil 
system.  The  sustained  rate  is  the  estimated  average  long-term  rate 
resulting  from  the  combination  of  application  and  resting  periods. 

In  almost  all  soils  a resting  period  dries  out  the  soil  and  restores 
aerobic  conditions  and  the  initial  infiltration  capability.  Resting  periods 
appropriate  io  any  locale  must  be  established  by  testing  under  field  con- 
ditions, Generally,  leoorts  on  wastewater  application  systems  indicate 
that  for  about  one  half  to  three-lourths  of  the  time  no  wastewater  should 
be  applied. 

Extensive  tests  on  disturbed  samples  of  five  sandy  soils  in 
California  wore  conducted  at  Lodi,  California  in  1 9 b 3 . Physical  and 
chemical  characteristics  of  these  soils  are  shown  in  Table  II-C--3. 
Lysimeterr,  filled  with  these  soils  were  used  to  determine  infiltration 
rates  for  fresh  water  and  primary  sewage  effluents.  Those  infiltration 
rates  achieved  for  fresh  water  might  be  considered  representative  of 
the  infiltration  rates  related  to  the  structure  of  each  of  the  soils. 

The  University  of  California  at  Davis  has  carried  out  studies  oi 
the  infiltration  capacities  of  20  covered  test  plots  of  about  450  square 
feet  each  located  in  a 100  acre  test  site  at  their  West  Slue  Field  Station 
near  Firebaugh,  California.  The  tests  were  conducted  by  ponding  fresh 
water  on  each  test  plo'  until  the  infiltration  rate  was  stabilized.  The 
water  was  then  removed  from  the  plot  and  the  changes  in  soil  moisture 
content  at  various  depths  were  measured  continuously  until  ncoi-equili- 
briim  conditions  were  achieved.  The  stabilized  infiltration  rates  (IR) 
and  the  drainage  lotos  for  selected  plots  are  shown  in  Figure  Jl-  C-3. 
Although  the  entire  tost  site  is  cla  sified  as  a Panochc  Femes  soil  the 
infiltration  »atC':  'uriud  by  a factor  of  neai'y  100.  Similar  variations  can 
be  expected  in  most  soil  associat’ons . 
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LONG-TERM  SOIL  INFILTRATION  CAPACITY 


OBSERVED  INrir.f'KATIOM  RATES  FOR  FIVE  PERVIOUS  CALIFORNIA  SOILS  1/ 
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VARIATION  OF  SOIL  INTAKE  AND  INTERNAL 


In  contrast  to  the  infiltration  rates  for  fresh  water,  Table  II- C- 3 
show:,  equilibrium  infiltration  rates  for  primary  effluent  on  the  order  of 
0.2  feet  per  day.  In  a short  itrr.e  frame  these  lower  rates  are  generally 
attributed  to  an  organic  clogging  mat  produced  by  sewage  under  anaerobic 
conditions.  Essentially,  the  mat  is  a slime  of  microflora  and  microfauna 
which  grows  rapidly  when  nutrients  in  treated  sewage  effluent  are  available. 
For  soils  with  particles  less  than  some  critical  size,  this  mat  is  relatively 
independent  of  the  character  of  the  supporting  medium  and  does  not  vary 
widely  from  situation  to  situation  (Ref.  14,  p.  94). 

It  must  be  emphasized  that  the  very  broad  ranges  of  values  used 
to  describe  various  types  of  sot!  and  the  great  variety  of  soils  and  infil- 
tration rates  which  may  occur  in  an  application  area  make  it  imperative 
that  extensive  and  detailed  sampling  and  analysis  be  carried  out  before 
any  site  is  actually  designed  or  used  for  wastewater  application. 

Figure  II-C-4  shows  a general  relationship  between  application 
rate,  soil  texture  and  surface  slope  which  is  derived  from  recommended 
practice  in  designing  sprinkler  systems  for  minimum  surface  runoff. 

These  rotes  are  generally  consistent  with  the  range  of  infiltration  rates 
observer;  in  actual  field  tests  previously  discussed.  They  have  been 
adopted  for  use  in  estimating  the  maximum  sustained  application  rates 
for  each  of  the  soil  associations.  An  application  rotation  of  4 days  lias 
also  been  indicated  in  which  the  soil  would  be  loaded  tor  one  day  and 
rested  for  three  days. 

A summary  of  data  from  selected  wastewater  application  sites  is 
given  in  Table  II-C-4.  It  can  be  seen  that  these  sites  cover  a wide  range 
of  waste  types,  application  rates  and  vegetative  covers.  Information  on 
the  success  or  shortcomings  of  each  operation  and  the  levels  of  treatment 
achieved  is  not  available. 


4 Soil  - Water  - Vegeta  i.ion  Relationships 

Removal  of  various  constituents  from  the  water  depends  upon 
the  surface  area  of  the  soil  particles  and  the  soil  flora  and  fauna  past 
which  the  water  moves,  and  the  time  required  for  the  movement.  Thu " , 
soils  which  achieve  acceptable  removals  usually  contain  clay  and  omanic 
material  as  well  as  silt  or  sand.  They  fall  generally  into  tiro  categories 
sandy  loam  and  silty  loam. 

The  maximum  infiltration  rate  of  many  agricultural  soils  oxc<  < - 
the  evapotranspirntion  requirement  of  the  vegetation  t /.<••/  support . :1 

all  soils  will  support  some  type  of  vegetation,  licweve’-  sr  , •.  , bu. 
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SUMMARY  OF  SELECTED  LAND  DISPOSAL  OPERATIONS  1/ 
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RI  Rapid  infiltration 
RF  Ridge  and  furrow  spreading 


all  soils  can  be  successfully  irrigated  to  maintain  a desired  vegetation. 
Extremely  permeable  soils  (fine  sand)  in  a free-draining  profile  vvili  not 
retain  water  long  enough  to  prevent  wilting  of  vegetation,  and  extremely 
tight  soils  (clays)  will  not  accept  water  fast  enough  to  prevent  wilting. 

Areas  having  natural  slopes  in  excess  of  ten  percent  have  not 
been  irrigated  in  the  past  because  sufficient  lands  with  flatter  slopes 
have  been  available  and  are  more  economical  to  develop.  It  is  tech- 
nically feasible,  however,  to  establish  and  maintain  various  vegetative 
covers  with  carefully  controlled  irrigation  applications  on  ground  slopes 
up  to  30  percent.  Althcugh  each  plant  species  requires  an  individual 
environment  for  best  growth,  they  can  be  grouped  into  categories  which 
have  similar  characteristics  and  uses. 

Four  general  categories  of  vegetation,  shown  in  Table  Il-C-5, 
have  been  selected  for  the  range  of  soils  and  slopes  occurring  in  the 
sites  investigated.  With  the  exception  of  forests,  these  vegetative 
types  have  been  successfully  irrigated  in  California  on  the  soil  types 
shown . 


The  response  of  vegetation  to  applied  v:  hr  can  be  generalized 
as  shown  in  Figure  II-C-5.  This  relationship  assunn  s that  the  vegeta- 
tion receives  adequate  nutrients,  : unligM  and  cultivation  wheie  required. 
Since  the  yield  is  neatly  proporu.'  • . J to  tii . nitrogen  used  by  the  vege  ta- 
tion, and  the  consumptive  use  car  bo  computed  fr<  tn  climati  • hors ( 
Figure  1 J — 0—5  gives  a good  >n  ticaUon  of  the  nitrogen  removal  capacity 
of  vegetation. 

The  wastewatc  application  required  by  vegetation  to  a chi  ;vc 
optimum  growth  (maximum  yield'  can  be  estimated  fiom  measurements 
of  pan  evaporation  and  precipitation  at  or  near  the  locution  being 
investigated.  Monthly  e stimates  of  these  requirements  art  d:  cur  ed 
in  Section  E . 


S_ - So il  - W at er  - Tr caj ment  R elu t io : iships 

The  extreme  cci’n  h-xity  of  the  physkx  1,  c'w.iie  tl  and  i iolo  goal 
processes  of  the  soil -wa t or -nla nt  systems  preclude  any  pise:  ; ’fini- 

tio'i  of  their  quantitative  relationships.  Jl  is  pom  ibl  , liowc'e  : , to 
identify  sorry  of  the  pooesses  by  which  \va.  t miter  con:  tituon;.  ■ ■■  i > ! 
be  changed  in  passing  through  a ‘■oil  column. 


Except  for  the  nitrates  and  phosphates,  the  soluble  salt  fraction 
(anions)  of  the  total  dissolved  solids  will  not  be  removed  by  the  soil 
mantle.  Although  they  will  undergo  chemical  exchange  and  precipitation 
as  wastewater  passes  through  the  soil,  they  will  not  be  taken  into  the 
plant  systems  and  cannot  be  allowed  to  accumulate  in  the  soil  root  zone. 
If  salts  do  accumulate,  osmotic  tensions  that  exceed  the  plant  tolerances 
will  develop.  To  control  salt  accumulation,  annual  applications  of  water 
in  excess  of  that  transpired  by  the  vegetation  must  be  applied.  These 
a;  - .1  ■ 1 tic-in  dissolve  accumulated  salts  and  flush  them  out  of  the  root 
zen  ■ and  into  the  drainage  system  or  receiving  groundwater.  Hence, 
over  a peiiod  of  time  (one  year  or  more)  the  salt  flow  must  equal  the 
s ! It  inflow.  Drainage  water  concentrations  of  these  salts  will,  however, 


Table  II--C-5 


GENERALIZED  SOIL  - VEGETATION  RELATIONSHIPS  1/ 


Vegetation  Types 

Soil  Types 

Forests 

_ ( 

Redwood 

Gravelly  to  clayey  soils  3 feet  or 

Monterey  Pine 

more  in  depth  and  located  on  steep 

uplands  and  terraces  with  20  to  30 

percent  slopes.  Generally  but  not 

always  Class  VI,  Class  VII  and  Class 

VIII  soils. 

I 

Pastures 

Rye 

Sandy  to  clayey  loams  3 feet  or  more 

Fescue 

in  depth  and  located  on  basin  rims, 

Eei  muda 

terraces  and  uplands  with  10  to  20 

Glover 

per  cent  slopes.  May  also  occupy 

Bronie 

cropland  soils.  Generally  but  not 
always  Glass  III,  Class  IV  and  Class 

| VI  soils. 

Crops 

Row 

Sandy  to  clayey  loams  5 feet  or  more 

Truck 

in  depth  and  located  in  basin  alluvial 

Orchard 

fans  and  flood  plains  with  0 to  10 

Vines 

percent  slopes.  Generally  but  not 

Grain 

always  Class  I,  Class  11  and  Class  III 

Alfalfa 

soils.  1 

Rice 

1 

Marsh  Grasses  2/ 

Reed  Canary  Grass 

Randy  to  silty  loams  5 feet  or  more 
in  depth  and  located  in  basin  alluvial 
fans  with  0-2  percent  slope.  Generally 

s- tWri  ’ c ~ ‘ 

..but  not  always  Cluss  1 soils. ! 

\y  The  potential  land  uses  for  the  various  roil  types  are  given  in  more 
detail  in  Table  II- E— 2 


2/  Rapid  infiltration  areas 


GENERALIZED  APPLICATION  - YIELD  RELATIONSHIP 


increase  because  of  water  losses  through  evaporation  and  transpiration. 

A substantial  portion  of  the  total  phosphorous  can  be  removed  by 
the  soil  and  eventually  used  by  the  vegetation.  The  small  particles  of 
most  soils  are  effective  in  removing  phosphates  through  the  sorption  and 
biodegradation  processes.  Table  II— C- 7 gives  average  removal  rates  of 
phosphorous  for  various  methods  of  application. 

The  various  processes  for  removal  of  nitrogen  by  the  soil-plant 
system  are  illustrated  in  Figure  II-C-6.  The  quantity  of  plant  uptake 
of  nitrogen  varies  with  the  type  of  vegetation,  season  and  the  form  of 
the  nitrogen  source  (i.e.,  as  organic  ammonia  or  nitrate  nitrogen). 

From  experience  with  commercial  fertilizer,  the  generalized  annual  plant 
use  of  applied  nitrogen  sources  may  be  taken  as  300  to  '100  pounds  per 
acre  for  optimum  growth  conditions.  Any  applied  nbrogen  in  excess  of 
these  amounts  must  be  volatixed,  denitrified  or  leached  to  the  drainage- 
system.  The  rates  of  volatiza'.ion  and  denitrification  for  various  appli- 
cations of  nitrogen  sources  are  not  known  since'  such  research  has  only 
recently  been  initiated.  The  University  of  California  at  Davis  will  start 
such  a study  in  late  1 972. 

Figure  II-C-7  gives  the  nitrogen  removal  relationship  assumed 
for  this  study.  It  is  not  completely  supported  by  the  ft  w < xperiments 
that  have  been  reported  in  the  literature  but  is  however,  rational  and 
gives  substantial  weight  to  tiie  effectiveness  of  nitrogen  removal  by 
the  volatization  and  denitrification  processes. 

Table  Il-C-6  shows  the  effectiveness  of  various  depths  of  soil 
in  removing  coliform  organisms.  Sub-surface  drainage  sy:  toms  installed 
six  feet  below  ground  level  will  provide  an  adequate  treatment  depth 
and  will  also  provide  adequate  groundwater  level  control  for  most  of 
the  Class  I and  Class  II  soils  found  in  the  wastewater  application  sites. 

The  large  quantities  of  waiei  proposed  in  Section  E for  rapid 
infiltration  sites  (90  feet  per  year)  limit  the  types  of  ground  cover  suit- 
able for  use  in  these  areas  to  marsh  grasses.  Some  sort  of  cover  is 
very  desirable  to  remove  nitrogen  err  phosphorous,  to  limit  or  prevent 
erosion  and  to  enhance  the  appearance  of  the  site.  Ground  cover  will 
also  act  to  reduce  surface  clogging  and  to  maintain  a porous  soil  structure, 
thus  promoting  infiltration.  Bermuda  grass  has  also  bee  n used  success- 
fully with  high  application  rates  at  the  Flushing  Meadows  site  in  Arizona. 

Very  little  is  known  about  '.he  ability  of  soils  and  plants  to  ac- 
cumulate, assimilate  and  modify  significant  c incenlralini  of  non'-' 
metals.  This  lack  of  knowledge  and  die  known  to"ie  it y c/  CUM  to  • k.."  , 
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Table  II-C-6 
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DISTRIBUTION  OF  COLIFORM  ORGANISMS  IN 
HANFORD  FINE  SANDY  LOAM  AT  LODI,  CALIFORNIA  \ 


Basin 

Sewage 

Effluent 

Spread 

■ 

Average  MPN  at  Indicated  Deoth 

Surface 

rrft 

2 ft 

4 ft 

7 ft 

10  ft 
0 

13  f 

Primary 

414  x 10^ 

1 . 6 

32  2/ 

0.6 

0 

— 

A 

Final 

179  x 103 

1.2 

285  2/ 

2.1 

0 

0 

— 

Primary 

570  x 104 

20 

0 

0 

0 

0 

0 

B 

Final 

188 x 103 

482 

5.6 

0.5 

0.2 

0.  1 

0 

c 

Tinal 

180  x 103 



143 

305 

2.0 

0.2 

0.1 

0.3 



- 

— 

— 

— 

— 

D 

Final 

3 

164  x 10  0.2 

o 

— 

0 

NOTES: 

j/From  Ref.  14,  P.72. 


2/  Sand  channel  from  r.urface  to  2-foot  depth. 


Table  II-C-7  \/ 


REMOVAL  EFFICIENCIES  FOR  LAND  APPLICATION  OF  WASTEWATER!' 


% Removal  2/ 

Spray 

Irrigation 

Overland 

Runoff 

Rapid 

Infiltration 

Biochemical  Oxygen  Demand  (BOD) 

9 8+ 

98 

80-85 

Chemical  Oxygen  Demand  (COD) 

95+ 

92 

50-60 

Nitrogen  (N) 

85+ 

80 

30-80  5/ 

Phosphorous  (P) 

99+ 

O 

1 

CO 

o 

o 

1 

o 

ai 

Metals 

95+ 

50 

50-60 

Suspended  Solids 

99 

94 

99 

Pathogens 

99 

99 

99 

NOTES: 

_!/ From  Ref.  16,  P.  30. 

2/  The  results  for  spray  irrigation  ore  modeled  upon  research  accompli r hcd 
at  Penn  State  University.  For  overland  runoff,  the  values  listed  for  ROD, 
COD,  N and  suspended  solids  are  repo  ted  values  of  an  operation  at 
Paris,  Texas.  AH  other  values  for  overland  runoff  and  rapid  infiltration 
are  estimates  by  the  CRRLL  staff. 

3/  Sec  Fig.  II-C-7. 
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animal:;  and  humans  requires  that  industrial  wastes  uu  uuaic'J  at  their 
sourc  s to  a level  consistent  with  normal  municipal  wastes. 

Table  II-C-6  shows  the  effectiveness  of  various  depths  of  soil 
in  removing  coliforrn  organisms.  Sub-surface  drainage  systems  installed 
six  feet  below  ground  level  will  provide  an  adequate  treatment  depth 
and  will  also  provide  adequate  groundwater  level  control  for  most  of 
the  Class  I and  Class  II  soils  found  m the  wastewater  application  sites. 


Table  Il-C-7  gives  the  average  removal  efficiencies  adopted 
for  each  of  the  wastewater  constituents.  The  forests,  pastures  and 
crops  are  recommended  for  spray  irrigation  and  the  lands  identified  for 
marsh  grasses  (infiltiation  areas)  may  be  either  surface  irrigate  l or 
spray  irrigated.  No  sub-surface  drainage  systems  would  be  installed  in 
forest  and  pasture  lands  and  closed  sub-surface  drainage  systems  would 
be  used  in  the  cropped  and  infiltration  areas.  However  the  closed  sub- 
surface drainage  systems  would  not  bo  installed  until  groundwater  levels 
have  risen  to  within  ten  feet  of  the  ground  surfaci  . A substantial  part 
of  the  leachate  from  the  fori  st  a;-,:!  pasture  lands  would  i >< - expected  t > 


move  laterally  in  the  general  direction  of  the  cr  ; 
where  if  could  be  collected  by  sub-surface  drain 


■pod  and  infiltr.-.ti  e areas 
ot  gr  un  Iwat ei  pumping. 


In  the  absonci  of  natural  impermeable  strata  or  a high  ground- 
water  table  beneath  any  wastewater  application  area,  comingline  of  the 
treated  leachate  and  ihe  groundwater  mus;  be  oxneated.  No  known 
sub-surface  drainage  system  can  be  designed  to  intercept  all  of  the 
leachate  foi  a r<  tsonable  cost.  Thai  :•  r<  , wh  re  the  qualify  oi  the 
groundwater  would  be  significantly  degraded  by  the  uncontrolk-  i leachate, 
pre-treatment  of  the  applied  watei  would  be  necessary.  Sub-surface 
drainage  systems  in  areas  having  an  impermeable  stratum  or  a ground- 
water table  four  to  ten  feet  below  the  ground  surface  will  be  quite 
effective  in  collected  leachate  with  only  minor  comingling  of  the  ground- 
water. 
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D.  SITE  IDENTIFICATION 


D.  SITE  IDE'.'  ''JEI CATION 


The  entire  Study  Aren  systematically  reviewed  to  determine 
• neral  areas  containing  potential  wastew3tet  aj  plication  sites.  The 
■ undanes  of  potential  sites  were  identified  and  the  procedures  involved 
ere  documented.  A represented]  e approach  .-.•as  used  in  the  evaluation 
f the  fifty-three  potential  waste. ..'ter  a plication  sites  identified  in 
the  Study  Area,  Using  that  approach,  tune  ; ites  were  selectc  i which 
represent  the  characteristics  of  lor  er  portion:'  of  the  Study  Area  and 
the  range  of  possible  wastewatei  j li  tation  bjectives.  This  approach 
emphasized  the  characteristics  f each  selected  site  rather  than  its 
physical  location. 

1 - Si te  Identification  Criteria 

The  following  criteria  were  used  to  exclude  land.  fi  m oon/icW 
ation  for  wastewater  application: 

1)  All  land  rea  leva!  renter  tl  i ' fr  c i . 

2)  All  ) . • tod  i ial  a tatc  parks  and 

national  wildlife  loft:  ,e  (ihv.-.n  ..ay  : vinrt.  d ..) . 

3 ) All  1 : • : . n pi  ecu  rea:  (y<  n . . 1} . 

4 ) A i 1 i ■ . 1 r<  - 1 - Grotij  l.y 

the  Soil  Couseivalio..  !'  *c  *•.  In  .,d  • or  , uu.  , leas 
having  in  ident  rd  ay  or  or  be  ck  at  a 

depth  of  le:  s than  Pur  feet.  (This  criterion  may  bo 
excepl  d where  E nd  oieas  can  be  succes. iirlgated 
and  drained.) 

5)  All  lands  in  ii  ■ . niams.  ('•  his  criterion  may  le  modi- 
fied for  land  < i . v ho.,e  location  and  soils  are  h yhiy 
desirable  ior  v.u. tor  applic  ;tion  u il  which  >.<  . bo 

a cl  i ; tely  protect*  iooci  f : • • • • ••••.) 

f.)  1 uid  arc  is  of  5 ,0‘JG  nc  or  le::-'  or  of  insufficient  capa- 
city to  acts  ).:  a total  wastewater  epphe  ition  rate  o.  ..t 
least  five  j . ■ : 1 1 > ■ g.  ms  pe  y pci  in  from  the  so  tree* . 


r 


The  first  criterion  was  based  on  the  assumption  that  the  required 
pumping  head  to  lands  above  1500  feet  in  elevation  could  not  be  justi- 
fied. The  second  criterion  assumed  major  legal  and  institutional 
problems.  It  was,  however,  not  applied  in  selecting  one  site  (Site 
No.  4)  that  represented  a unique  opportunity  for  the  improvement  of 
a wildlife  habitat  and  recreation  area.  The  third,  fourth  and  fifth 
criteria  are  self-explanatory.  The  fifth  criterion  was  not,  however, 
applied  in  one  site  (Site  No.  5)  to  show  the  probable  effects  of  using 
the  permeable  soils  types  often  found  in  flood  plains.  The  sixth 
criterion  was  intended  to  eliminate  small  isolated  sites  whic  are 
distant  from  the  nearest  wastewater  sources  and  consequently 
uneconomical  to  develop.  This  criterion  did  not,  in  fact,  eliminate 
any  identified  sites  from  consideration. 

2 - Screening  Method 

The  method  used  to  systematically  re  view  the  entire  study  area 
was  the  development  and  malysi  fas;  • [colored  over!  y 
based  on  1:250 ,000  scale  topogr<  phi  map:  fh(  U . S . 

Geological  Survey.  A color  phot  >graph  each  with  its  overlays 
is  included  in  this  re|  rt . Colored  pi  jeet ion  slid  ; o£  each  map  are 
also  included  for  projection  or  additional  prints. 

The  overlay  system  was  selected  ter  the  following  :o  isoiis: 

1)  The  overlay  system  is  easy  to  interpret.  Excluded 
areas  ate  clca'ly  shown  and  exclusionary  cri.eri  i 
are  easily  identified, 

2)  The  overlay  system  is  easily  changed,  and  can 
quickly  accommodate  a reevaluation  oi  criteria, 
and 

3)  The  relative  impacts  of  exclusionary  criteria  arc 
clearly  indicated. 

- Maps  and  Overlay:; 

The  base  maps  used  for  the  overlav  system  weie  U.  S.  Geo- 
logical Survey  maps  of  the  Wests,  n United  Slates  at  a scale  of 
1:250,000.  Thirteen  of  these  maps  wcie  used,  l'or  eoch  map,  five 
clear  acetate  overlays  were  prepared.  On  each  cle  a overlay, 
colored  film  was  ipplied  to  cover  tin*  apj a • -pi  ut?  ch  .laaleiistics  w ; 

b-2 


L 


the  specified  color.  Each  color  represer.tcd  one  exclusionary  criterion 
The  following  overlays  were  used: 

Brown  - The  brown  overlay  was  used  to  represent  all  lands 
in  the  project  area  with  an  elevation  above  1500 
feet  mean  sea  level . The  boundaries  of  these 
areas  were  determined  from  the  contours  shown  on 
the  base  maps . 

Red  - The  red  over'ay  was  used  to  represent  all  soils 
judged  inuppr  priate  for  wastewater  application. 
They  are  those  included  in  sod  Group  D specified 
by  the  Soil  Censer  ration  Service.  These  soils 
are  defined  ar  having  very  slow  infiltration  rates 
when  thoioughly  wetted.  They  include  chiefly 

1)  cla.y  soil:  with  a high  swelling  potential, 

2)  soils  with  a high  perm  •.non;  water  table, 

3)  soils  wi'h  clay  pan  or  clay  layer  at  or  near 
the  surfa. ■ ■ , and 

4)  shallow  soils  over  nearly  impervious  materials 

Tilt'  areas  in  whi  *h  hene  soils  occur  were  deter- 
mined using  no  n ty  s il  maps. 

Blue  - The  blue  ovt . lay  was  used  t i re.-icser.t  areas 
having  a 1 ).i  la  y<  tr  lit  ::  ha/cni. 

Yellow  - The  yell  >\v  < : ! ty  rep:  or*  ml:  lid  an  area...  >j<vo, 

to  the  you*  2M.'  ' . T'.os<i  •::!  at  are  .s  weie  projo'  'e< 
using  data  o!  '.lined  fro  a county  and  state  planning 
teports  . 

Croon  - The  green  c*v.-rl.  y n i caai:  iiuti.  nal  . nd  state- 
parks  and  N • t i v ml  Wildlife  Rciuges.  The 
boundaries  of  those  areas  were  derived  from  the 
data  shown  c n the  bam  maps. 


4 - Identified  Sites 


All  of  the  colored  overlays  were  assembled  in  position  over 
the  base  maps.  Those  areas  which  could  he  considered  as  potential 
wastewater  application  sites  were  identified  by  determining  the  areas 
not  covered  by  any  color  in  the  five  overlays.  The  sixth  criterion, 
that  no  land  area  less  than  5,000  acres  in  size  would  be  included  as  a 
potential  application  site,  was  then  applied.  Fifty-three  land  areas 
remained  after  the  application  of  the  Site  Identification  Criteria  and 
were  outlined  on  the  base  maps  and  numbered  for  identif ication . The 
approximate  boundaries  of  each  of  the  53  sites  are  shown  on  Tigure 
1I-D-1  as  well  as  on  the  colored  projection  slides.  Site  data  is 
summarized  in  Table  Il-D-1. 

The  information  given  for  each  cite  in  Table  II- D-  3 . supple- 
mented by  knowledge  and  judgments  of  the  site  characteristics , was 
used  to  select  nine  of  the  sites  for  detailed  consideration.  The  nine 
sites  (indicated  in  Table  II  — D—  1 by  heavy  outline:;)  were  selected  for 
representing  other  sites  and  alternative  dove!  t . • ::»  objectives. 
Evaluations  of  the  nine-  Selected  Sites  are  found  in  Section  !'.  of  this 
report . 


It  should  be  noted  that  tlrec  p illy  significant  parameters 

were  not  explicitly  considered  in  the  st  !•  ction  of  wastewater  sites , 
and  are  outlined  below: 

1)  No  consideration  has  be.  n given  to  ) :o'dsicn  of 

wastewater  sic  :.»u.  ....pen  s in  or  near  the 

selected  -it  :• . F •:  the  men:  p ,rt  the  selected 
sites  include  or  an  near  tanly  hilly  areas  and  it 
is  assumed  ii.  this  report  that  storage  facilities 
can  be  prove;,  d in  ai  y of  tiie  :u  lecled  sites  at  a 
reasonable  cost. 

2)  No  reK'ti  i. ships  hot  worm  the  selected  sites  and 

the  jurisdicti  ns  n which  they  occur  hove  been 
Studied . For  »•>:.'.>  ; !<■,  some  d the  potential  sites 
occur  wh  > 1 1 y r r ; irti.illy  wit::  in  existing  irrigation 
districts,  a * it  -p.  irs  like  »y  'h  it  some  coordina  - 
tion of  existi  : “ll'ties  w. be  possible  and 

desirable  . 

3)  No  cons idei *ia;j  <,  »,oe:i  en  to  ownership 
rights  to  l hr  .vast,  .v  ‘or. 
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5 - Developmcn t Objectives 

Each  cf  the  nine  sites  selected  for  further  evaluation  has  indi- 
vidual characteristics  which  will  permit  wastewater  treatment  and, 
with  managed  wastewater  application  and  drainage,  could  generate  a 
desired  environmental  and/or  economic  benefit.  The  opportunities  for 
achieving  objectives  in  the  nine  cites  are  expected  to  be  representa- 
tive of  opportunities  if  all  S3  screened  sues  were  evaluated. 

Site  No.  d . This  site  was  selected  to  represent  the  opportunity 
for  enhancing  n wildlife  habitat.  The  site  includes  the  Grizzly  Island 
Wildlife  Refuge  which  is  now  managed  solely  as  a waterfowl  habitat. 
Water  is  dr.  in  1 in t porti  nt  ol  the  site  fi  . M<  nt<  : Slough  to 

create  salt  marshes  and  ponds.  Drainage  js  ace  \mplishcd  by  surface 
drains  and  pumping  back  to  Suisun  hay. 

The  site  h .s  little'  01  no  potential  for  •.grh-ultural  purposes 
because  of  Light  soils  with  poor  drain  = a <•!•.,:  .cl-  : ist  ■ . The  neaicsL 

source  of  westevater  is  Concord  (Contia  Cost  , Cou.rc  ) , 1?  miles 
southwest  of  the  sue. 

The  Bureau  ef  Reclamation  h is  n • mly  c;  nnlited  a study  to 
provide  watt  i for  Srrio. s'-on  f a .•••.ip  of  ).,nd  t ■ '.!  t as!  of  Mon' una 
Slough  and  t pi  1 : r<  lflows  into  tl  slo  jh  an 

behind  Gtiz.  iy  Island  to  p:  <•  idc  m ••  r an!  ible  r:  .anal  habitat  for 
wildlife,  "lie  Stimuli  S ui  C act.'  i District  lias  been  active  in 
the  develo]  it  1 j tie  ha  hit  a for  the  large 

number s of  v.  at<  rft  w 1 that  c thi  • . c > : < 1 considera- 
tion should  be  give  n t.u  >;  ml:  . a.y  w t.  : th.it  n ipp'ied 

Site  No.  4 so  that  it  will  no!  ihurn  with  tin  n >.v  u ui  tl pi. if 
foods  for  thesi  water  ft  >w  ’ and  esp<  cially  w rh  fb<  vat  rf  >w  j themselves . 

Sj '•  N . ■ . This  : . ic  lurg  t . 1 . site; 

includes  a v iriety  of  laud  type  . u m .jor  feat  '.  : the  Dunntgan 

Hills,  the  Cache  Creek  Valie  v,  the  Sacrament  V . » 1 1 > nd  a 

portion  of  the  Yolo  Bypass.  Tl  «•  r -;,j  rtnniti  -s  of  hovel  pm  out  ate, 
imp.-  ctivrly , in  igf.i  d past  mo  , r!  ,.|  •.  ■ , , is,  oioh.nh  p-i . dc  -lion 
with  st  roan  flow  and  gn>' md'.vatt. : a -em.  r.t  ' u,  and  : nos  .a  in  i gated 
cropping  and  lice  prodc  .tton. 

The  nearest  maj  r sourci  i v aslewater  is  Sue  ant  nto,  f miles 
southeast  of  the  site. 

There  I vo  beer,  propotn  two  c ci  nd  »,»*' 

Cache  Croc  . Valle  f;  , wo  til  ; n < ! d.  F.»  • ..’  . t’l 


r « 


Indian  Valley  Dam  is  a locally  sponsored  project  (Yolo  County)  that 
has  federal  and  state  support.  The  other  potential  site  is  the  Wilson 
Valley  Dam. 

Another  point  to  be  noted  is  tnat  the  Sacramento  Valley  and 
Yolo  Bypass  intersect  this  area.  Special  consideration  of  the  advan- 
tages and  disadvantages  of  using  that  portion  of  the  area  in  the  Bypass 
would  be  considered. 

At  present  there  is  an  overdraft  of  the  groundwater  aquifers  in 
the  area.  This  is  causing  great  concern  among  the  water  users  and 
they  are  seeking  supplemental  water  from  the  proposed  Tehama-Colusa 

Canal . 


Site  No. 3_2.  This  site  south  of  Los  Banos  and  west  of 

Firebaugh  on  the  west  side  of  the  dan  Joaquin  Valley  is  on  the  easterly 
slope  of  the  Diablo  range  and  includes,  in  particular,  the  Orligalita 
Creek  basin.  In  addition,  it  includes  large  areas  of  irrigated  crop- 
land and  rangelands  on  alluvia!  fans  at  the  base  of  the  bills.  It  is 
considered  represent  itive  of  other  areas  on  the  west  s:b"  of  the  Sari 
Joaquin  Valley.  Parts  of  this  art  me  already  served  i:y  the  Dclta- 
M endow  Canal  and  the  Calif  niM  Aqueduct  and  the  mea  is  traversed 
by  Interstate  Hi  jhway  5.  The  st<  • t upl  inds  of  this  site  offer  an 
opportunity  foi  ldditi  >nal  developm  nt  in  irrigated  cropland.  Thet 
is  a definite  possibility  that  Jiff.  :<■! i drainage  ptoblmns  would  exist 
in  the  lower  pari  of  Inc  area  i!  heavy  water  applications  are  made 
further  uphill.  The  nearest  : outco  of  wastewater  for  this  site  would 
be  Contra  Costa  County  or  the  uiea  mound  Stockton.  The  relationship 
between  transmission  distance  and  economics  of  large  scale  develop- 
ment can  be  evaluated. 

Site  Ho . IB.  This  site  i;  in  Matin  County  north  of  Mt.  Tamal- 
pais  and  in  Sonoma  County  south  oi  Uu  Russian  River.  It  includes 
the  basins  of  Nicasio  Creel.,  Walker  Creek,  Ilstcro  Americano  and 
Salmon  Creek.  The  basin  of  San  Antonio  Creek  is  excluded  because 
of  poor  soil  conditions.  The  site  is  representative  of  various  coastal 
and  coast  tungc  sites.  It  offers  a potential  for  development  using 
redwood  or  Montciey  pine  forests.  Rein  ed  tc  this  fore  -.try  potential 
are  various  uses  for  recreation  or  open  space  for  which  the  area  is 
generally  designated  m the  appropriate  county  plans.  Also  related 
is  a possibility  for  stream  flow  augr  '■'illation  by  the  applied-  u of 
more  water  than  normally  occurs  iron  rail, fall  and  by  restore. < the 
forest  cover.  In  the  southern  pa:  t of  the  area  the  principal  uppl'cat  ion 
may  be  pasture  land  irrigation.  Drainarc  of  the  wnstevvter  application 
to  the  southern  pa  it  A the  area  would  be  into  the  burn.  ■ •!  utary  t.- 
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the  water  supply  reservoir  near  Nicasio  which  raises  the  issues  and 
technical  problems  <f  the  application  of  wistewater  into  a drainage 
basin  from  which  water  supply  is  extracted.  The  wastewater  for  this 
area  would  be  tiansj  >rt.  d f;>m  the  developed  areas  of  southern  and 
central  Marin  C.  unty  and  central  Sonoma  County. 

Tin  iee  irds  and  mal  1 f urns  in  the 

northern  part  >f  this  nv  i.  The  rest  of  the  area  is  comparatively  dry 
and  used  mostly  to:  gracing . Tin  southern  sections  of  the  site  have 
been  the  subject  t a great  deal  •!  controversy  in  master  planning  for 
the  future  with  emphasis  on  ope:,  spa;  e . 

Some  consideration  has  be  en  given  to  the  construction  of  a 
dam  and  reservoir  on  W ilkei  k to  < loj  i bettei  w lti  ; s ipj 
for  northern  Marin  C unty  ind  t i ' Mui  . 1 Vatei  District. 

Site  No.  2 1 . Three  valley  ar  as  in  the  vicinity  of  Healdsburg 
comprise  ti:is  site.  These  valley,  are  Alexander  Valley,  Knights 
Valley  and  the  Russian  Rive:  ' ' dley  in  the  vicinity  >f  Windsor.  These 
valley  areas  are  considered  representative  of  a number  of  interior 
valleys  in  the  coast  range.  Tie  y oiler  potent l >1  for  irrigation  of 
existing  ci  f forest  area . Related  t this  is 

pus:  idle  stream  flow  a : jmc  re  it:,  u >f  the  Russian  River  south  of 
Healdsburg,  particularly  i r re.  creational  use  during  the  si  mmer 
season.  Also  significant  in  this  uea  is  a potential  for  augmentation 
of  groundwater  supplies  for  water  pumped  from  this  aiea  into  the 
domestic  supply  systems  for  communities  to  the  south . Nearest 
wastewater  applied  to  this  site  would  come  from  the  areas  around 
Santa  Rosa  and  Healdsburg. 


The  Russian  River  in  this  area  furnishes  the  main  source  for 

irrigation  f the  rd  is  pump 

directly  ftom  the  rivet  and  others  from  wells  drawing  on  the  river. 

The  river  is  supported  in  dry  season  by  releases  from  Coyote  Dam  in 
the  vicinity  of  Ukiah.  The  Corps  of  Engineer.-;  is  cun  on  fly  constructing 
a dam  on  Dry  Creek  just  to  the  w it  of  tlns  area  which  will  control 
flows  downstream  from  its  mouth  using  the  releases  in  the  summertime 
to  maintain  adequate  flows  in  the  river  an  1 to  provide  ie;  'he  water 
supply  for  the  Sonoma  - North  Marin  area  from  Ranney  wells  in  the 
river  bottom . 

The  Corps  of  Tng.neers  has  an  authorized  project  io  construct 
a clam  in  the  Knight::  Valley  arc  duit  would  regulate  1'ianx  and 
Maac  ima  Creeks.  T:  reserv'd*  w ild  inundate  \ portion  of  the 

eastern  subsections  • the  are  > n '".nights  Valley 
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Site  No . 27 . This  site  includes  the  Gabilan  Creek  Basin  and 
the  easterly  side  of  the  Salinas  Valley  south  from  Salinas  to  near 
Soledad,  including  Quail  and  McCoy  Creeks.  J t represents  a potential 
area  for  managed  forests,  particularly  of  Mont-erey  pine,  and  also  for 
irrigated  crops  on  the  valley  floor.  Application  of  wastewater  for 
irrigation  could  continue  this  type  of  agricultural  activity  and  at  the 
same  time  diminish  or  reverse  the  salt  water  intrusion  into  the  area 
caused  by  excessive  pumping  for  irrigation.  The  source  of  waste- 
waters  for  Site  27  would  probably  be  from  the  Monterey  Bay  area  or 
the  southern  portion  of  the  S tudy  Area . 

Plans  for  the  San  Felipe  Project  by  the  Bureau  of  Reclamation 
include  diversion  of  irrigation  water  from  the  Central  Valley  to  the 
northern  part  of  this  area.  Many  of  the  present  crops  probably  could 
not  use  wastewater  for  irrigation  since  they  arc  leaf-type  crops; 
however,  the  possibility  of  shifting  to  crops  that  could  be  irrigated 
with  wastewater  would  be  investigated. 

The  Corps  of  Engineers  is  currently  doing  a flood  control  study 
of  the  Salinas  River  Valley  which  may  propose  some  new  works.  Flows 
in  the  lower  river  area  may  be  a fleeted.  Presently  some  areas  along 
the  river'  edge  of  Sub-Area  27. 5 are  subjected  to  flooding  during  heavy 
winter  storms  . 

Site  No . 28 . This  site  includes  most  of  the  southwest  part 
of  San  Mateo  Count'/.  It  represents  an  area  close  to  substantial 
urban  development  with  potential  fo:  developing  or  improving  redwood 
forests  for  commercial  or  recrcatirnal  use.  In  addition,  recreational 
use  may  lie  further  enhanced  by  stream  flow  augmentation . The 
nearest  source  of  water  for  this  area  would  be  from  Wc  st  Bay 
communities . 

There  has  been  considerable  interest  in  San  Mateo  County  to 
maintain  the  lands  on  the  ocean  side  of  the  county  in  their  natural 
states.  Local  water  supplies  (or  municipal  and  agricultural  use  are 
generally  deficient  in  this  area.  The  Corps  of  Engineer.''  is  investi- 
gating dams  on  Pescudero  Creek  to  provide  for  a water  supply  north 
to  Half  Moon  Bay.  Because  of  'he  presence  of  several  groves  of 
natural  Redwoods  in  this  area,  it  would  seem  to  be  a good  possibility 
forRed'vood  culture. 

Site  No.  42  . This  site  lies  in  Contra  Costa  County  east  of 
Mr.  Diablo  old  includes  the  Maish  and  Kellogg  Creek.  Valleys, 

Deer  Villey  and  the  forebays  for  ,hr  Dc'lla-Menclota  Canal  e.r  1 th^ 
California  Aqueduct.  It  offers  p >t<  ntial  ciov  lopr.cnt  for  ret  real  ion 
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and  open  space  areas,  forested  lands  and  wildlife  habitats.  With 
adequate  wastewater  treatment,  an  additional  possibility  is  the  direct 
delivery  of  effluent  to  the  forebavs  for  use  in  either  of  the  canals. 

Of  special  concern  in  this  area  is  the  water  quality  relative  to  the 
reservoir  on  Marsh  Creek  and  the  proposed  reservoir  on  Kellogg  Creek. 
The  nearest  sources  of  wastewater  for  this  area  would  be  from  the 
Antioch,  Clayton  or  Stockton  areas. 

There  are  several  special  considerations  for  this  site.  The 
Clifton  Court  area  is  a forebay  for  the  State  Water  Project  and,  there- 
fore, the  quality  of  the  wastewater  drainage  must  be  given  careful 
consideration  because  this  forcbay  is  a freshwater  supply  for  the 
Delta  Mendota  Canal  (as  well  as  the  California  Aqueduct)  under  the 
Peripheral  Canal  concept  for  a cross-delta  facility.  The  Delta 
Mendota  Canal  is  a U.  S.  Bureau  of  Reclamation  facility. 

The  proposed  Kellogg  Reservoir  on  Kellogg  Creek  is  intended 
to  be  a water  supply  project  and  has  been  under  study  by  the  Bureau 
of  Reclamation  and  the  Contra  Costa  Water  District.  There  is  no 
authorized  plan  at  the  present  time  but  it  has  been  discussed  in 
connect!  n w th  : re  ; >tal  St  iti  w u<  r r<  11  :<  u 1 m nt. 

The  Contra  Costa  County  Water  Quality  Study  (Ref.  4) 
considered,  as,  one  of  the  alternatives  for  the  central  and  eastern 
County,  transporting  the  water  to  the  east  and  treating  it  for  disposal 
in  the  Delta  area  and,  therefore,  it  required  higli  love's  of  treatment 
to  remove  all  toxicants  and  biostimulants . The  alternative  included 
ponding  for  tertiary  treatment  with  ultimate  use  for  irrigation  or  for 
discharge  into  the  estuary  to  assist  in  salinity  repulsion  (i.e.  , to 
increase  freshwater  outflow). 

The  previously  noted  Marsh  Creek  Project  is  a flood  control 
project  spoil!  1 by  1 Contra  Costa  County  Flood  Control  District. 

State  Water  Resources  Control  Bead  demands  for  early  action 
by  industries  in  the  Antioch  area  have  caused  considerable  work  by 
the  individu  il  industries.  There  is  interest  in  a subregional  plan 
that  extends  Barth  or  east  than  the  first  stage  proposal  of  the  Brown 
and  C-jIJwcI)  study  (.Ref.  ■!) . This  plan  proposed  to  start  at  the 
Antioch  Brid  je  an  1 < xtend  wc  st  t<  include  tin  City  oi  Ant i >ch.  The 
Cenlr.il  Valley  Regional  Water  Quality  Control  Board  is  concerned 
with  the  treatment  facilities  of  the  cities,  of  Oakley  and  Brentwood 
and  desires  seme  system  to  upgrade  these  plants , urn  nably  to 
combine  them  into  a central  plant. 
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Site  No.  43 . This  site  includes  Union  Island  and  Roberts 
Island  southwest  of  Stockton.  It  represents  the  large  flat  areas 
currently  being  formed  in  the  Sacramento-San  Joaquin  Delta.  It  has 
a high  water  table  which  is  expected  to  limit  the  vertical  flow  of  water 
applied  to  the  surface.  However,  it  appears  quite  possible  that  water 
could  be  applied  to  the  lands  and  recovered  by  means  of  drains  and 
pumping  in  the  area.  This  is  the  current  method  of  irrigation  and 
drainage  now  used.  The  use  of  wastewater  in  this  area  could  provide 
an  excellent  source  of  irrigation  water  as  an  alternative  to  river  flow 
and  pumping  from  wells.  Nearest  sources  of  wastewater  for  Site  43 
are  Antioch,  Clayton  and  Stockton. 

Most  of  the  Delta  islands  are  leveed  against  the  river  and  the 
winter  floods.  They  contain  primarily  peat  soils  and  are  sinking  each 
year  as  the  peat  tends  to  oxidize.  Most  of  the  general  area  is  under- 
lain with  connate  water.  In  addition,  some  of  the  deep  aquifers  are 
becoming  more  saline. 

The  San  Joaquin  River  and  the  otiier  rivers  that  cross  through 
this  area  have  serious  water  quality  problems  now,  particularly  in 
dissolved  oxygen,  so  th  it  discharges  from  a wastewater  system  would 
have  to  be  of  high  quality  to  avoid  compounding  existing  problems. 

The  proposed  Peripheral  Canal  will  corne  through  this  area  and 
will  transport  fresh  water  to  the  Clifton  Court  forebay  from  the 
Sacramento  River.  It  is  intended  that  it  would  have  some  outlets  to 
provide  fresh  water  inflows  into  the  Delta,  Any  new  water  importation 
schemes  will  have  to  demonstrate  that  the  water  quality  will  not  be 
further  deteriorated. 

A major  plan  for  the  drainage  of  the  area  to  the  south  of  Site 
43  incorporates  the  San  Joaquin  Master  Drain  or  the  San  Luis  Drain. 
This  project  proposes  to  collect  the  sub-drainage  water  from  irrigated 
lands  in  the  San  Jo  quin  Valley,  transport  it  to  the  Delta,  and,  after 
adequate  treatment  to  reduce  deleterious  substances,  discharge  into 
the  estuary.  Present  plans  locate  the  outfall  in  the  vicinity  of 
Antioch.  A test  facility  at  Firebauyh  has  been  in  operation  for  about 
two  years  in  an  effort  to  determine  what  level  of  treatment  is 
required  for  agricultural  wastewater. 


G - Land  Uses 


Four  major 
report  for  the  nine 

1) 

2) 

3) 

4) 


types  of  land  uses  are  outlined  in  Section  E of  this 
selected  sites: 

forest  plantations  (redwood  and  Monterey  pine), 
pastures , 

crops  (orchard,  field,  truck,  etc.),  and 
high-rate  infiltration  basins  (marsh  grasses). 


These  land  uses  differ  significantly  in  the  manner  in  which  wastewater 
is  applied,  constituents  are  removed  and  drainage  water  is  collected 
and  reused.  Estimates  of  potential  economic  feasibilities  for  each 
land  use  are  not  discussed  in  this  report. 


Wildlife  enhancement  as  a potential  land  allocation  objective 
is  discussed  in  Sections  E and  G. 


7 - Correl etion  of  S i t rs 

The  Soil  Distribution  Rep; esentiv ity  M crix  sh  >wn  in  TableII-D-3 
indicates  the  degree  of  correl  ition  of  soil  cap-  ' il ity  classes  (for 
definitions  of  capability  classes,  see  Table  iI-C-2)  of  the  nine 
evaluated  sites  and  the  53  sites  identified  as  potential  wastewater 
sites . Each  correlation  ir  expr<  • *d  as  a percent  . b used  on  the 
estimated  s >il  c«  | 1 ility  :1  iss  distril  utions  sh  wn  in  Table  II-D-2. 

The  maximum  correlation  value  is  100  percent,  as  indicated  for  the 
correlation  of  a single  selected  site,  and  a correlation  of  0 percent 
indicates  that  no  soil  capability  class  was  common  tc  both  sites. 

The  soil  distributions  of  the  nine  selected  sites  are  independent 
variables  in  the  correlation  process  and  the  soil  distributions  of  the 
53  potential  sites  arc  compared  as  dependent  variables.  Therefore, 
the  two  values  shown  for  the  correlation  of  one  selected  site  with 
another  selected  site  may  differ  in  the  twe  positions  in  the  table. 

The  matrix  should  be  interpreted  is  indicating  the  percentage  of  total 
area  of  a potential  wastewater  site  that  exhibits  the  same  capability 
class  distribution  pattern  as  the  correlated  selected  : ite. 

It  should  be  noted  that  this  matrix  indicates  only  soil  distri- 
bution correlations.  Relative  sue  sixes  and  riist  !t  v *h 

nearest  wastewater  : -rccs  a;<  ii.(  n ”,  ! Je  !.  A .! 


ESTIMATED  SOIL  CAPABILITY  CLASS  DISTRIBUTIONS 
(°/c  OF  TOTAL  SITE  AREA) 


1 J Capability  class  V not  included  in  County  Reports. 
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desirability  tabulation  based  on  estimated  soil  distributions  and  site 
sizes  can  easily  be  made  by  assigning  desirability  confidents  to 
soil  capability  classes  and  applying  the  relative  site  size  and 
capability  class  coefficients  to  the  distributions  shown  in  Table 


II-D-2  . 


The  relative  desirability  (based  on  soil  associations)  and  suitability 
of  a potential  site  for  wastewater  application  can  be  estimated  from  the 
data  presented  in  these  two  tables.  Table  II-D-2  can  be  utilized  in 
determining  potential  site  suitability  based  on  soil  capability  class 
distributions.  For  example,  if  it  :s  determined  that  a combination  of 
70  percent  Class  I soils  and  30  percent  Class  II  soils  in  a site  is 
advantageous  for  development , a review  of  Table  II-D-2  indicates  that 
Site  38  represents  that  distribution.  Table  II-D-3  correlates  soil  distri- 
bution patterns  of  sites  and  can  be  utilized  to  determine  potential  site 
suitability  based  on  soil  repi  s<  . \ ity.  F >r  imj  le,  if  it  is  d jt  n < j 
that  the  soil  distribution  pattern  of  Site  43  ' Jirablc,  Tabic  II-D-3 

shows  that  Sites  1 , A,  , and  45  mosi  nearly  represent  that  soil  capability 
class  distribution  pattern.  As  previously  tioned,  site  sizes  should 
be  incorporated  into  representivity  c t s rat  ns  to  accurately  d ilona ine 
site  desirabil , ties  arid  development  potentials. 
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E.  SITE  EVALUATION 


E.  SITE  EVALUATION 


The  nine  sites  selected  for  more  detailed  study  provide  a range 
of  development  possibilities  which  include  traditional  irrigated  agricul- 
ture, improved  wildlife  habitats,  forest  plantations  and  rapid  infiltration 
areas  for  maximum  wastewater  disposal.  Each  development  possibility 
as  well  as  combinations  thereof  has  associated  economic,  environmental 
and  public  health  impacts. 

1 - Site  Evaluation  Objectives  ar,b  Criteria 

The  primary  objectives  to  be  considered  in  the  evaluation  of  the 
development  potential  of  the  identified  wastewater  sites  arc: 

a)  Provide  maximum  use  of  the  soil  mantle  as  a treat- 
ment system  for  wastewater, 

b)  Create  maximum  utilisation  of  the  treated  drainage 
water  which  c an  be  recoveisd  01  can  otherwise 
become  available  for  reuse, 

c)  Piovide  opportunities  for  economic  return,  to  accrue 
to  the  land  through  agricultural  practices  that  are 
consistent  with  objectives  a and  h,  and 

d)  Provide  opportunities  for  onv  ronnental  enhancement 
through  land  use  practices  that  are  consist;  with 
objectives  a,  b and  c. 

The  preceding  objectives  do  not  establish  a complete  guide  for 
site  evaluation  until  they  are  supplemented  with  mote  specific  criteria 
which  describe  the  method  of  evaluation. 

Although,  wastewater  treatment  and  reuse  systems  have  been 
installed  and  operated  successfully  e.l  various  locations  throughout  the 
world  and  in  California , few  of  these  systems  have  been  designed  with 
fully  connu '..e  o , e water  tc  a re  or  arid  minted  land  re  sourer,  manage- 
ment in  mine.  epr.-i  ific  criteria  f.-.r  comparative  evaluation  of  pomiit  hd 
sites  for  waste  r t • • r ircv.t  ;orf  ;•  - mg},  land  application  are  not  aw.'.h.bie. 
‘be  recommended  evaluation  cn.c-r.:,-  submitted  by  the  Special  Technical 
blot  sultants  are  uiu  lined  is.  Vol.  » c IV  of  this  report.  Many  of  the  .ri- 
te no  for  iiidividu.. : area;'  or  c;r  s . . sro  :nic  *> (dated  as  well  a s c ■'  > v - 
( ntary  to  each  othei . 1'  is.  irrn  o ' j.af  bos'  infc'ieh  lion'  inns  an 

I:  • 


recognized  and  reflected  in  the  evaluation  of  sites. 


Using  the  Consultants'  recommended  criteria  and  the  primary 
evaluation  objectives,  the  following  specific  criteria  were  selected 
for  use  in  the  evaluation  of  potential  wastewater  application  sites. 

Topographic  Criteria 

1)  The  net  site  area  (that  portion  of  the  total  site  which 
can  accept  wastewater)  must  include  at  least  5,000 
acres.  This  criterion  is  derived  from  a judgement 
that  smaller  sites  will  be  uneconomical  to  develop. 

2)  Land  units  within  potential  sites  at  elevations  greater 
than  100  feet  above  the  terminus  of  transport  facility 
may  be  excluded  from  the  effective  site  area. 

3)  Land  units  within  potential  sites  with  slopes  in 
excess  of  30/1  will  be  excluded  from  the  effective 
site  area.  Water  management  and  land  treatment 
measures  should  be  included  in  the  site  development 
plan  for  land  units  which  exhibit  high  erosion  hazards. 

4)  Suitable  locations  should  be  available  either  wkhin 
the  potential  site  or  along  the  wastewater  transport 
facility  for  storage  of  wastewater  during  season  1 
periods  when  wastewater  application  cannot  ho  made. 

5)  Suitable  locations  should  be  available  either  within 
the  potential  site  or  along  the  wastewater  transport 
facility  for  installation  of  pre-treatment  facilities 
where  such  pre-  treatment  will  be  required  to  satisfy 
environmental  quality,  agricultural  land  use,  water 
quality  or  public  health  criteria. 

Soil  Criteria 

1)  The  annual  infiltration  capacities  of  potential  sites 
should  be  considered  using  the  soil  types  which  have 
been  identified  in  the  site  area  as  indicated  in  Section 
D,  the  parr, motors  used  to  describe  the  characteristics 
of  these  soil  types  as  discussed  in  Section  C,  and  the 
practical  expeiier  o of  irrigation  and  wastewater  dis- 
posal agencies  which  operate  within  sites  v , L’l  • -ma- 
lar characteristics.  Lana  units  v. iih  soil  profile.  .4 


r-? 


amenable  to  effective  drainage  systems  should  be 
excluded  from  the  effective  site  area. 

2)  The  depth  and  character  of  the  soil  profile  should 
be  appraised  throughout  potential  sites  to  assure 
that  the  percolation  capacity  of  the  area  is  generally 
sufficient  to  avoid  waterlogging  and  suffocation  of 
planned  crops  and  ground  covers.  The  occurrance 

of  hardpan  strute  01  bedrock  should  be  identified. 

The  drainage  characteristics  of  these  areas  should 
be  reviewed  to  determine  the  types  of  drainage 
systems-which  may  be  installed  Vo  maintain  a per- 
manent ground  cover. 

3)  The  frequentv'  and  duration  of  resting  periods  required 
to  maintain  it. dilration  capacity  should  be  estimated 
on  the  basis  of  information  contained  in  the  literature. 

4)  The  capacity  of  individual  soils  to  assimilate  organic 
materials  should  be  est; mated  to  assure  that  waste- 
watei  treatment  criteria  has  been  satisfied.  Land 
units  with  soils  tnat  cannot  meet  this  criteria  should 
be  excluded  from  the  effective  sate  area. 

5)  The  ability  of  individual  soils  to  adsorb  toxic 
materials,  heavy  metals,  radiologic  materials, 
bacteria,  viruses  and  pathogens  should  be  appraised. 

6)  Land  units  should  be  appraised  in  relation  to  soil 
structure  and  the  quality  of  the  wastewaters  to  be 
applied  to  assure  that  infiltration  capacity  is  main- 
tained . 

7)  Irrigated  agricultural  land  use  should  be  considered 
for  land  units  that  have  been  clas:  ificd  Class  III  or 
higher.  Conversion  of  agricultural  land  use  from 
non-irrigated  to  irrigated  and  from  low-value  to 
high-value  crops  wi’"  be  .sought  on  land  units  that 
have  been  classified  as  either  Class  I or  Class  II.  J_/ 

8)  The  suita bill. j of  - oils  within  site  areas  should  be 
generally  app.  sod  in  terms  of  thrir  ability  to  sup- 
port non-aqri cu‘ uirol  type  ground  covers. 


1/  See  Table  II- C- 2 for  de  rrr\ ptior»  )A\i‘  . f’-,.* 
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9)  Erosion  hazards  should  be  assessed  using  general 
soil  characteristics,  topography,  vegetal  cover  and 
required  wastewater  application  schedules. 

10)  Land  units  which  pose  a high  risk  of  land  slides 

under  saturated  conditions  as  a result  of  slope  and 
soils  should  be  excluded  from  the  effective  site  area. 

Crop  and  Ground  Cover  Criteria 


1)  The  suitability  of  specific  agricultural  crops  and 
existing  natural  ground  covers  with  respect  to  the 
quality  of  the  wastewaters  which  are  to  be  applied 
should  be  determined  through  interpretation  of  basic 
criteria  developed  by  the  U.  S.  Department  of  Agri- 
culture and  the  University  of  California. 

2)  The  potential  for  intensification  of  agricultural  land 
use  and  conversion  to  higher-value  crops  within 
potential  sites  should  be  determined  in  relationship 
to  the  soil  class,  the  existing  crop  pattern  and 
water  supply,  the  quantity  end  quality  of  the  waste- 
water  and  general  agricultural  economic  factors. 

3)  An  assessment  should  be  made  of  the  replacement 
of  existing  crops  within  the  potential  site  with 
vegetative  covers  that  are  better  suited  for  water 
application  programs. 

4)  In  land  units  within  potential  sites  where  native 
vegetation  will  be  retained  as  part  oi  the  wastewoter 
application  area,  long-term  modification  of  thif.  vege- 
tative pattern  should  be  estimated  considering  the 
present  and  possible  diversity  of  species  in  the  area, 
gererol  aesthetic-  appeal  and  the  ability  of  the  unit 

to  support  a more  diversified  flora. 


An  annual  water  and  salt  balance  should  be  prepared 
for  each  site  Lowing  the  estimated  crop  water 
requirement , farm  delivery  requirement  and  the  site 
deli  ■•scry  requirement.  The  water  balance  will  be 
base'!  on  tin  crops  and  ground  covers  recommended, 
generalised  evapo-tra  aspiration  rates  and  rainfall 
patterns  s.d  ' ypjcal  seepage  and  operational  hr  - 


Geologic  Criteria 

1)  Land  units  within  potential  sites  with  ground  water 
aquifers  which  are  presently  or  potentially  usable 
for  irrigation  purposes  should  he  excluded  if  the 
percolation  of  wastewater  to  the  aquifer  will  cause 
significant  deterioration  of  the  quality  of  the  ground 
water. 

2)  If  the  estimated  rate  of  percolation  into  ground  water 
aquifers  from  land  units  within  potential  sites  exceeds 
the  transmissibility  of  these  aquifers,  drainage  systems 
discharging  to  surface  waters  or  tc  recycling  sumps 
should  be  inc'uded  in  the  site  development  plan . 

3)  Land  units  within  potential  sites  with  known  fault 
zones  which  will  allow  the  applied  wastewater  to 
be  transmitted  directly  into  ground  water  aquifers 
should  be  excluded. 

Water  Qua) ifv  Cri to na 

1)  All  wastewaters  shall  have  had  at  least  secondary 
levels  of  pro-  treatment  prior  tc  land  application. 

2)  Wastewaters  and  percolated  wastewaters  which  arc 
to  be  discharged  into  surface  and  ground  waters 
shall  meet  v arte  discharge  r innriards  ot  the  State' 
of  California  Water  Resources  Control  Board. 

3)  The  present  and  projected  quality  of  existing  surface 
and  ground  water  supplied  available  to  a potential 
site  should  no  assessed  to  determine  if  the  waste- 
water  supply  can  serve  os  o:i  adequate  replacement 
source.  Land  units  within  potential  sites  with  ground 
water  aquifers  presently  or  potentially  used  for 
drinking  water  supply  purposes  should  be  excluded 
from  the  effective  site  a tea  u ‘.he  chemical  and 
bacter iolcgical  quality  ot  the  percolated  wastewater 
would  cause  the  reunitin'/  ground  i or  to  exceed 

U.  G.  Public  Health  Seim  c stanchr  • v . 


- Site  Sub-Areas 


In  accordance  with  the  criteria  established  for  site  evaluation, 
each  of  the  nine  selected  sites  was  divided  into  sub-areas  which  can 
be  evaluated  as  separate  potential  projects.  These  divisions  were 
dictated  primarily  by  the  natural  drainage  patterns  (i.e.  , tributary  water- 
sheds) and  to  a lesser  extent  by  existing  land  uses.  Table  II-E-  1 
gives  the  sub-areas  identified. 

The  boundaries  of  each  of  the  nine  selected  sites  shown  in  Figure 
IT— E—  1 have  been  outlined  on  a montage  of  1:24,000  scale  U.  S.  Geolog- 
ical Service  topographic  maps.  The  original  site  boundaries  established 
in  the  site  identification  phase  were  modified  on  the  basis  of  the  addi- 
tional topographical  detail  available  from  these  montages.  Hence,  the 
areas  shown  in  Table  ll-F.-l  may  not  correspond  exactly  with  the  gross 
areas  shown  in  Table  II-D-1. 

Some  sub-areas  were  combined  in  the  evaluation  process 
(Sub-Areas  18.4,  5 and  6;  27.2,  4 and  5;  and  28.2  and  3)  because  they 
did  not  include  a major  watershed  of  5,000  acres  or  greater  which  could 
be  considered  as  a project.  T nr- re  sub- areas  con,  however,  be  con- 
sidered a*'  potential  wastewater  application  areas  and  have  been  eval- 
uated compositnly  for  soil  distributions  arc!  recommended  land  ures. 


3 - Climate 

The  nine  selected  sites  are  situated  in  climatic  regimes  raivjiny 
from  arid  to  coastal.  Annua!  precipitation  varies  from  less  than  10 
inches  to  about  00  inches  and  ovciane  July  temperatures  vary  from  00° 
to  8Q°r.  Snowfall  is  rare  in  any  of  the  sites  and  is  usually  confined 
to  elevations  above  1,000  feel.  Killing  frosts  in  late  Spring  ere  a 
hazard  to  orchards. , vines  and  other  early  crops.  Many  of  these  crops 
arc  protected  from  frost  by  sprinklers,  wind  machines  end  smudge  pots. 
High  winds,  fiom  thunderstorms,  tornadoes,  hunicanes  or  typhoons  are 
not  a serious  problem  in  any  of  the  rates. 

The  data  given  in  the  last  three  columns  of  Table  Fl-E-1  are 
good  indicators  of  the  general  climatic  conWlmns  role ■ i\  to  vegetation. 
It  can  be  seen  that  even  though  U mporature  , humidity  and  m-infol)  vary 
.significantly  between  sites,  the  ■ an  at:  on  in  annual  water  irtjuii  emeuts 
of  plants  not  supplied  by  precipitation  is  much  less.  T>  i . is  due  to  the 
poor  distribution  oi  precipitation  throughout  Ihe  year  (approximately  E0 
of  the  annual  precipitation  occur  in  the  five- month  period  of  November 
thr ouoh  M.  i ch) . 


SITE  SUB-AREA  DATA 
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With  the  exception  of  Site  Nos.  4 and  43,  wind  movement  at 
al!  fifes  is  generally  moderate.  Since  wastewater  will  be  kept  in  an 
aerobic  condition  in  the  conveyance,  storage  and  application  systems, 
no  significant  wind  borne  odors  ere  expected. 


4 - Soils 

The  dominant  soil  associcitions  occurring  in  each  of  the  sub- 
areas  and  recommended  vegetative  covers  are  given  in  Table  1I-E-2 
and  shown  in  Figure  II— E—  2 . Since  the  boundaries  of  the  sub-areas 
were  selected  on  the  basis  of  the  natural  drainage  configuration  rather 
than  uniformity  of  soils,  most  sub- areas  include  a wide  variety  of  soils. 
As  can  be  seen  from  Table  II-E-2,  the  roil  capability  classes  and,  to 
a large  extent,  the  future  uses  arc  related  to  the  location  of  the  soil. 
Class  1 soils  occur  in  the  alluvial  fans  and  flood  plains  and  are  used 
for  rapid  infiltration  areas.  Class  II  and  Class  III  lands  generally  sup- 
port irrigated  crops  while  Class  IV  to  Class  VIII  soils  generally  occur 
on  the  terraces  and  uplands  and  are  devoted  to  pasture,  range  and  forest 

uses. 

The  drainage  characteristics  of  soil  capability  classes  can, 
however, be  reversed.  The  higliei  classed  soil.  rna',  have  good  internal 
and  mu  face  drainage  while  the  low-  lying  roils  may,  although  being 
permeable,  exhibit  drairic  jc  prob-oins.  These  drainage  problems  are 
correctable  with  sub- surface  drainage  systems  (tile  or  plastic  drains) 
when  the  soils  have  adequate  interna!  drainage. 

F - Future  band  Uses 

Future  land  uses  in  the  sub  areas  must  be  selected  to  corres- 
pond with  specified  objectives  ol  wastewater  application.  Tne  follow- 
ing gives  a range  of  objectives  t'  at  could  be  considered: 

a)  The  application  of  maximum  quantities  of  waste- 
water to  m uir.um  land  areas.  As.  a single  objective 
this  may  he  a'  complis,hed  by  the  utilization  of  only 
the  more  permeable  soils  such  as  the  Yolo,  Colum- 
bia, Harford  ad  Hesperia  a -".ociations  in  Hie 
recovery  of  nu  \imum  quantities  of  partially  treated 
wastewaters  These  soils  could  be  developed  ur  ng 
staged  closer!  r ub- surface  drainage  system',  and  a 
nu.rsh  a iss  t ne  vegetal  cover  sued  as  lies  can  ry 
yu  s with  int  . ••..'tient  . lev. ate:  aoplic  .non  . 
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Figure  TJ-E-2 
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Figure  II-E-2 
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This  site  includes  the  Grizzly  Island  Wildlife 
Refuge  (state  operated)  and  private  hunting 
clubs  which  are  managed  for  wildlife  enhancement 
The  land  use  shown  indicates  soil  capabilities. 
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b)  The  maximization  of  economic  crop  returns  from 
vegetal  cover  harvests  and  maximum  treatment  of 
the  recovered  wider;  . This  objective  would  lead 
to  maximum  development  of  a greater  range  of  soils 
which  ore  suitable  for  high  value  crops. 

c)  The  maximum  enhancement  of  the  cultural  and 
aesthetic  values  (and  hence  the  public  acceptance) 
of  sites  by  die  inclusion  of  forest  plantations  in 
the  site  land  use  pattern.  Such  an  objective  has 
merit  not  only  in  terms  of  public  acceptance  but 
also  in  the  production  of  a timber  harvest  which 

can  make  a contribution  to  the  total  regional  resource. 
Forest  plantations  can  thrive  on  upland  soils  which 
are  not  suitable  for  other  uses. 

cl)  The  maximum  treatment  of  wastewaters  applied  to 
the  minimum  bind  art  >.  This  objective  could  be 
realized  by  cultivating  pasture  on  all  soils  that 
are  suitable  for  crop;  end  rapid  infiltration  applica- 
tion. 

The  preceding  land  usns  an  not  r.  •'tunllv  exclu  ivo  no:  .ire  they 
completely  inter*  - reable.  A ai  exantj  e,  f<  ts  a ; tur<  can 

be  placed  on  cr  >j  ’ u an  rear  ; nd  cr  ps  car  o c y 

rapid  infiltration  areas,  but  cros  s na  y : ari’.y  ••  pi  • pn.V.s 

for  pasture  and  forest  lands . In  addM  .then  ire  hr-:  ted  ureas  of  th< 
soil  types  in  each  sub- -urea  which  tvn  • • r . rt  . pur-  v,i  . !<  i. c 
practice . T1  teref  re,  de  relopr  r>1  >i  ill  j mt  f a sub-area 
will  require  somt  combinati  : ' id  use  when  elected  d • : 
merit  can  be  conjured  to  only  those  land'  having  coils  to;  : . r»  d 

to  the  sclecte'J  land  use. 

Table  II-E-  2 ir  m*  the  v ot*  ini  land  us<  of  each  soil  r.scoc 
four  ) in  the  sites.  Altenmti . «•  1 ..  i use  patterns,  arc  cjivcn  1 • Table: 
ll-E-3  through  1 bl  ?I*T-5,  Al  native  No.  1 allows  crops  t<  occupy  the 

maximum  area  consistent  witl  • font  ! . i us*  by  r.c;1  n up:..  This 
• It: .rn.it tve  i l ob  ’ i •’ y t epre ' i ' . • > :<>  . i sonomic  i ■'  ui r,  v o the 

land.  Alters.  , n .;  K . 2 in  ' ole  :*  V.  ' 1 . chir/si  t ....o.’  !.i  .'Vr  ...  • 

plication  aw  rccov . • . : u->-  ul).  . iso  i . io  «v.  > 11k 

lands  suitiih’c  for  npi  ivitra'io  • * . *.  revtcr  re  >t  i slur 

the  expense  of  r>  >.  cd  <*/:•  . • . p. e * •••ar.  U v . t.  -v 

jslir.ition  r te  in  Alt'  ' 1 . t an,  to  .r  ' • i j >: >. 


urc  w r< ice s . r ) ' .it  " * 
1 . > m.  > ■ nxt  appl  •: . i . • 

h • : a t i i ■ 1 ' :i  .... 
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The  preceding  land  use  patterns  do  not  consider  double  cropping 
(planting  and  harvesting  two  or  more  distinct  crops  on  the  same  acre  in 
one  your).  Since  double  cropping  is  now  practiced  on  less  than  ten 
P'.  icrnt  of  the  irrigated  area  and  m not  projected  to  increase  substan- 
tially in  the  future  (Ref.  5),  the  practice  probably  does  not  increase 
ci  onotnic  returns  greatly.  Also  the  water  use  of  a double  cropped 
ai  re  v.  1 1 1 approach  the  water  use  of  an  acre  of  pasture  or  forest. 

Hem  there  is  only  a minor  advantage  to  double  cropping  over  pasture 
in  those  oortions  of  the  sites  suitable  for  crop  and  rapid  infiltration 
use:  . 


n- 


ALTERNATIVE  #1  - MAXIMUM  CROPPED  AREA  WITH 
RECOMMENDED  ANNUAL  APPLICATION  RATES  1/ 
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ALTERNATIVE  #2  - MAXIMUM  PASTURE  AREA  WITH 
VEGETATION-LIMITED  ANNUAL  APPLICATION  RATES  1/ 
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ALTERNATIVE  #3  - MAXIMUM  INFILTRATION  AREA  WITH 
VEGETATION -LIMITED  ANNUAL  APPLICATION  RATES  1/ 
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MONTHLY  AND  ANNUAL  WASTEWATER  APPLICATION  REQUIREMENTS 
TOR  OPTIMUM  VEGETATIVE  GROWTH 
(inch**) 


EfUctlva  Precipitation , 0.8  * Praclp. 


_(>  App li cation  K.  t e 

The  general  relationships  between  application  rates,  vegetal 
covet  , sot!  chat  . eristic:,  and  wastewater  treatment  have  been  discussed 
m Section  C of  t!.ts  report.  The  logical  starting  point  in  estimating 
application  rates  is  the  determination  of  crop  water  requirements  (con- 
sumptive use)  of  each  ve  etal  cover  at  each  site.  Table  II-T-G  gives 
these  estimates  for  each  rub-area.  Using  Sub-Area  12.2  as  an  example, 
a vegetation  receiving  a full  supply  of  moisture  and  nutrients,  and  whose 
leaf  surface  completely  covers  the  ground  all  year  would  transpire  5 3 
inches  of  watt  r.  A < limated  8.0  inches  w uld  e sui  pile  1 fn  m nat  u?  ' 
precipitation  and  37.0  inches  would  have  to  be  supplied  from  the  waste- 
water  supply.  Allowing  for  application  1 o.  ses,  67.  1 inches  or  about  5.6 
feet  per  year  of  wastewater  should  be  applied  to  meet  the  vegetation1' 
full  transpiration  requirement  and  produce  optimum  vegetative  growth 
(yield) . 

Fot  crop-,  which  grow  during  ru  ly  a pari  of  the  grow!’::,  sea1  on, 
the  wastewater  lcqnirement  is,  of  course,  lew  . Many  r.  u : w 1 . ei 
crops  are  planted  and  hu  vested  during  the  three-month  ; ■ . from  June 
through  August  id  do  not  cover  the  ground  during  ail  of  u.u  pe  iod. 
Forests  and  pastures  do  transpire  ••  Per  during  almost  the  on  ire  yen  if 
there  is  adequate  moisture  available  and  hence  are  larger  annual  wafer 
users  than  mu:  t crops. 

Table  II-K-7  gives  the  recommended  unit  application  u-ios  for 
each  of  th<  fo  ii  c it<  . >ri<  s of  rec  rr.mended  land  us*  s,  Each  of  these 
rates  is  discus  so  1 in  the-  following  sections. 

Pelt  Lc  -chivy.  The  long-tom  accumulation  o'  dissolved  salts 
in  surface  .*!  r.  ■ t .utK.ul  i ’.u/ead  to  main'  .« ininn  mo:  1 vc  wlative 
covers  uncS<  * an  in:  ■Ho.  re. ..me.  Finer  he  we rn e wafer  source  will 
contain  in  . :nu  d.u  solved  salt.-  and  since  pi  ->nt  root s will  uptake  only 
the  mu, -he  Its,  wo' t of  the  salts  accumulate  ,n  the  soil  roof  rone  un- 

ler.r  1 1 j s u . - out  .-it..  e>ce:  <4  plica  tier  (leachi  -g)  during  periods  of 

low  crop  w 'u  ro  pc:  emeu  t.  1 ' s on  known  tolerances  of  tltc  various 
crops  p.  c ' • | salt  o’-w  . • irons,  ‘.ho  mini  1 rule  leaching 

requ  res  opt  . ..  . i / iiove  been  coinpuu-u . These  tequiie- 

men  s were  also  uried  accorc*  .n  ‘ • ,c  oil  foun  1 j it  each  .-.ul -are.- . 

During  pr  * is  ! s.  of  -m.i  1 > ■ ’ on  or . Do , the  concent r ‘>n.i 
of  1 lOI  • luic  dis.  I jt  - in  - )'T;e  1 Water  '.TV  ie  V ■ ( ' 


t . -g  * 


RECOMMENDED  UNIT  WASTEWATER  APPLICATIONS 
(acre  feet  per  acre  per  year) 
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2/  Includes  the  effect  of  rice  acreages. 


will  be  greater  than  the  concentration  in  the  applied  wastewater. 


Forest  and  Pasture  Application  Rates.  The  forest  and  pasture 
application  rates  are  based  on  the  method  of  estimation  given  in  Table 
II-E-6  whereas  the  crop  application  rates  are  based  on  irrigation 
experience  in  o:  near  the  sites.  Few  field  data  are  available  on  the 
salt  tolerance  of  coniferous  forest  species  such  as  Redwoods  and  Pines. 
It  is  reasonable,  however,  to  expect  that  they  will  be  at  least  as  tol- 
erant as  orchard  species  for  which  field  data  arc  available.  The  leach- 
ing applications  shown  in  Table  II— E— 7 were  computed  from  the  orchard 
data . 

Crop  Application  Rates.  The  unit  application  rates  for  crops,  are 
the  weighted  averages  of  a croppi  rg  pattern  selected  for  the  soils  of 
each  sub-area  by  the  Special  Technical  Consultants  for  crops  (Dr.  Ja  : s 
N.  Luthin  and  Dr.  Janies  W.  Biggar) . The  types  of  crops  utilized  were 
alfalfa,  rice,  other  grains  (wheat,  oats  and  barley),  truck,  field,  row, 
sugar  beets,  vines,  deciduous  orchards,  safflower  and  beans.  The.  unit 
vegetative  requirement  and  leaching  rate  for  each  crop  used  was  self  cted 
by  the  Special  Technical  Consultants,  as  applicable  *o  the  ,:<;r- icviai 
crop,  soil  and  sub- area. 

Infiltration  Areas.  Laboratory  and  field  tests  have  dome:  stint 
that  free  draining  soils  similar  to  the  Frentwooc-Yo'o  an  roc:,  mi  ( illy 
loams)  are  quite  well  suited  to  high  rates  of  wastewater  ..*■  .•Mention. 

The  SERF  resort  'Ref.  15)  suggests  that  in  equilil  riur-'  rate  of  C.  3 v i ot 
pci  duy  50  of  the  time  (30  feet  pet-  year)  can  i a main;  .me  I on  a 1.  • •* 
term  basis.  The  report  recommends  a design  value  of  five  time  ■ ti.  . 
amount  (150  fe<  t j er  year)  as  a mean  v<  lue.  Actual  ..  t<  \ tei  ....  j lo- 
cation rate:  on  sandy  soils  have  been  reported  as  high  as  500  feet  per 
year  (Ref . 1 8) . 

The  unit  wastewater  application  rates  shown  in  Table  H-L-2 
(90  lect  per  year)  for  infiltration  ai'  as  assume  an  application  rate  of 
1.0  feet  per  'lay  resting  for  three  days.  This  value  was  estimated 
as  the  maximum  wastewater  application  that  could  be  made  on  the  soils 
identified  os  ; ■ •'  le  lot  li'fiUiutior  . eas  ( see  Table  II  -C-2  ). 

Pvor-Irr  .ration . Over  - irrigation  (ns  well  as  under-irrigation) 
can  be  practiced  on  nearly  oil  vein  . lion  but  not  without  some  redvedon 
in  yield.  Even  Re  iwood  fees  v. 'dv  of  native  to  flood  plains  vui/er 
daniagi  in  then  r<  >t  structure;  during  extended  van.’  latior  . They’  are 
able,  however,  to  repair  flit's  w-  after  the  soil  has  due1  vd:«  re 

many  other  plants  cannot  room * ■ rm 5 remain  sn  a v.<  and  < >nn'.o  . 


r. 


The  internal  drainage  capacity  of  many  of  the  soils  available 
in  the  sites  under  investigation  will  often  exceed  the  water  requirements 
of  the  vegetative  cover  maintained  on  its  surface  (see  Table  II-C-2). 

Field  experience  at  Pleasanton,  California  has  shown  that  the  application 
rate  of  a secondary  effluent  to  a mixture  of  common  grasses  (rye,  orchard, 
fescue,  brorne , etc.)  on  a Yolo  type  soil  can  be  as  high  as  11  feet  per 
year  ( lbout  twice  the  farm  plus  leaching  requirement)  without  serious 
damage  to  the  crop  and  without  any  significant  amount  of  surface  runoff 
during  the  year.  In  addition,  a monitoring  program  of  the  sub-surface 
drainage  water  (no  sub-surface  drainage  system  was  installed)  has 
shown  it  to  be  of  acceptable  quality  for  groundwater  recharge. 

Although  nitrate  removal  will  decrease  with  over-irrigation  (see 
Figure  1I-C-7),  there  may  be  sufficient  justification,  based  on  considerations 
of  reduced  land  requirements  and  site  development  costs,  to  apply  more 
wastewater  than  is  required  for  optimum  vegetal  cover  growth.  At  piesent 
theie  is  insufficient  data  available  on  which  to  base  a reliable  estimate 
of  the  maximum  level  of  over-irrigation  that  can  be  maintained  for  each 
soil  type  and  each  vegetative  cover.  It  is  assumed,  however,  that 
most  soils  identified  can  survive  with  wastewater  applied  at  a rate  of 
two  times  the  optimum  growth  requirement  of  the  associated  vegetation. 

This  application  rate  has  been  assumed  as  the  maximum  rare  limited  by 
vegetation  and  is  used  in  Alternatives  No.  2 and  3. 

Organic  Loading.  The  organic  concentration  of  the  wastewater 
source  (that  component  that  is  readily  degradable  by  bacterial  digestion 
into  inoroanic  compounds)  Is  closely  related  to  the  total  suspended  solids 
concentrations  estimated  for  waste /raters  from  the  12-county  region 
(20  to  40  mg/1  as  shown  in  Table  1!  3-10).  Thus  the  unit  organic  loading 
from  wastewater  applications  would  range  from,  0.03  to  0.0G  tons  per 
acre-foot  per  acre.  Using  the  recommended  unit  applications,  forests 
would  receive  organic  loadings  of  from  0.1  to  0.5  tons  per  year  per  acre, 
pasture  and  crops  from  0.05  to  0.3  tons  per  acre  and  infiltration  areas 
from  2.5  to  5.0  tons  per  acre. 

Burd  (Ref.  22)  has  suggested  that  organic  loadings  should  be 
kept  to  less  than  20-25  tons  per  acte  for  growing  crops  but  that  loadings 
for  soil  modification  purposes  (no  direct  cropping)  can  exceed  100  tons 
per  acre . T ie  rate  of  application  of  wastewater  is  not,  therefore,  limited 
by  the  organic  loading. 


Annual  total  nitrogen  loadings  will  range  from  about  400  pounds 
per  act e on  crops  to  over  ^500  pounds  pet  acre  on  forests  and  pastute. 
These  ladings  will  exceed  jn  <d  ,o  t ill  cases  the  annual  nitrogen 
requirements  of  the  vcget.r  ■>’  ( ssnmcb  to  average  300  pound s oer  acc). 


The  annual  application  of  total  phosphorus  will  range  from  80  to 
380  pounds  per  acre.  Since  phosphates  are  readily  adsorbed  by  the  soil 
particles,  these  loadings  will  not  be  of  great  concern. 

Application  Efficiency.  Through  very  careful  water  management, 
irrigation  applications  can  be  made  with  little  or  no  surface  runoff. 

This  type  of  management  is  expensive  and,  while  practiced  initially, 
is  often  abandoned  when  the  water  supply  is  not  critically  short. 

In  estimating  values  for  practical  and  feasible  application  rates, 
wo  have  selected  a 70‘X-  irrigation  efficiency  (30 7^  of  the  water  applied 
for  irrigation  purposes  is  lost  to  either  surface  runoff  or  to  the  sub-surface 
drainage  system)  as  a reasonable  estimate  of  the  water  management  effort. 
From  this  estimate,  10/f  is  assumed  to  runoff  and  20%  passes  through 
the  root  zone  for  all  land  uses. 

■ Since  the  salt  leaching  applications  are  normally  made  during 
periods  of  low  transpiration  use,  with  the  same  water  management 
practices,  a greater  percentage  of  the  application  can  be  forced  through 
the  root  zone  to  leach  accumulate  salts.  No  leaching  application  would 
be  required  on  the  infiltration  areas. 

Total.  Applications . Tables  IT-E-3,  II— F— 4 and  II--E-5  indicate 
the  total  annual  wastewater  applications  ior  each  sub-area  under 
Alternatives  J,  2 and  3,  respectively. 

The  recommended  application  rates  shown  in  Table  II-E-3  are 
taken  from  Table  II— E— 7 and  ..ire  based  on  the  growing  season  and  site 
requirement  of  each  vegetative  cover  and  include  a 30  percent  application 
loss  to  surface  waste  and  deep  percolation  below  the  root  zone.  For 
example,  the  annual  application  rate  of  5.4  acre-feet  per  acre  shown  in 
Tabic  II-E-3  for  the  pasture  area  in  Sub-Area  12.1  is  the  sum  of  the  vege- 
tation and  leaching  i equircmenls  shown  in  Table  II— E- 7 and  is  based  on 
the  water  requirement  data  given  in  Table  Il-E-6.  These  recommended 
application  iatos  are  discussed  on  page  E-30  and  are  in  some  cases 
limited  by  maximum  permissible  soil  intake  rates  os  indicated.  The 
vegetation-limited  application  rates  shown  in  Tables  1T-E-4  and  II-E-5 
are  token  ftom  Table  li-E-2  and  indicate  the  maximum  wastewater  app- 
lications permissible  for  survival  of  vegetation  based  on  considerations 
of  vegetative  cover,  soil,  slope,  growing  season  and  organic  loadings. 
There  ipplicalion  lates  are  estimated  as  200  percent  of  the  site  require- 
ment oi  each  cover  plus  its  leaching  requirement  (from  Table  ll-E-7). 

Tor  exemule,  the  annual  application  ialc  of  10.2  acre-fect  per  acre 
shown  in  Tables  II-E-4  and  II-E-5  fc  the  pasture  area  of  Sub-  ‘ oa  12.1 
is  the  sum  c.f  two  times  tr  • site  iequiremcnt  for  vegetation  (-1.0  -.nv-Ceet 
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per  acre)  plus  the  site  leaching  requirement  (0.6  acre-feet  per  acre) 
shown  in  Table  II-E-7.  These  vegetation-limited  application  rates 
are  also  limited  in  some  cases  by  maximum  permissible  soil  intake 
rates  as  indicated. 

7 - Recovery  Rates 

Any  estimate  of  the  complete  distribution  of  water  resulting 
from  a water  spreading  operation  on  soil  covered  with  vegetation  that 
is  subject  to  the  natural  variations  in  climate  must  at  least  be  based 
on  averages  and  at  best  on  judgements.  Figures  II-E-3,  II-E-4  and 
II—  FI — 5 present  estimated  long-term  average  water  balances  that  may 
prevail  for  each  land  use  alternative. 

The  Corps  of  Engineers  has  made  long-term  rainfall-runoff 
studies  (Ref.  21)  of  nearly  all  tributary  watersheds  in  the  Sacramento  and 
San  Joaquin  River  Basins.  These  studies  indicate  that  annual  surface 
runoff  varies  from  20  to  4 Of'  of  the  annual  precipitation  with  steeper 
watersheds  approaching  the  upper  figure  and  watersheds  in  the3  valley 
floors  approaching  the  lower  figure. 

Wc  have,  therefore,  assumed  that  for  forest  and  pastures, 
approximately  30b  of  the  annual  precipitation  would  become  surface 
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r i n - f f , 20  ' would  infiltrate  beyond  the  root  zone  and  50%  would  be 
US'.  ! by  th.e  ve  sedition.  Because  of  the  flatter  slopes  for  crops  and 

tti  .iro.is , this  distribution  of  precipitation  was  weighted  toward 
infiltration . 


R - Treated  Water  Recovered 

Estimates  of  the  annual  quantities  of  treated  wastewater  reco- 
veied  by  sub-surface  drainage  or  groundwater  ore  shown  in  Tables  II- 
F-  < , II— K—  : : II-E-5.  These  values  are  based  on  the  distribution 

e:  tic  ter  s'  .vn  in  Figures  II-E-3,  II— E— 4 and  II-E-5  , and  assume  the 
i of  either  closed  subsurface  drains  or  properly  spaced  groundwater 
weds.  Use  for  these  recovered  waters  will  be  dependent  on  recovery 
- bity  h~n  ation.  and  on  the  recovet ec  water  qualities. 

1 - Re er  yd.  Water  Quality 

Two  qualities  of  recovered  water  must  be  considered;  that  sppoar- 
i’t  i in  fhe  . erf  ic<  collector  drains  and  that  appearing  in  the  sub-surface 
hi  M,:.  or  t hi  uourniwater  reservah  wh.ere  sub-surface  drains  are  not 
provide  The  surface  runoff  would  be  recycled  to  adjacent  areas  for 
i Hue.  In  this  process  it  would  receive  at  least  as  much  treatment  as 
the  water  recovered  by  the  sub-  su> face  drains  or  the  groundwater  reser- 
voir. Table  II-C-7  gives  the  over  tge  removal  efficiencies  for  each  cf 
the  w.i stew. iter  constituents.  The  variation  in  tne  removal  efficiency 
for  total  nitrogen  is  discussed  in  Faction  C.  Table  II— C— 3 shows  esti- 
mated recovered  water  qualities. 


1 0 - Surface  Wafer  and  Groundwater  Quality 

An  attempt  was  made  to  establish  tlie  genera)  location  and  slope 
of  t'.ie  groundw.tb-r  ■ ablest  and  the  existence  of  barriers  to  the  vertical 
and  lateral  move > .•mis  of  groundwater  in  the  sites.  This  attempt  was 
not  < ntuariy  successful  because  of  the  almost  total  lack  of  well  and  bore 
hole  data  in  most  of  the  sites. 

Since  water  well  locations  ere  random  and  confined  to  areas  where 
y> o’ uiuwnter  omtif  .is  exi.  t , no  meaningful  geologic  cross  sections  could 
be  r ns'ructed  foi  most  sites. 

Table  1I-E-9  gives  an  estimate  of  the  variation  in  water  qualities 
foe,:  >n  the  selected  sites. 


Table  1I-E-8 


ESTI MATED  QUALITY  OF  RECOVERED  WATER  1/ 


Wastewater 

Applied 

Surface 

Sub-Surface  Drainage 
or  Groundwater 

Constituent 

Water 

2/ 

Drainage 

Forest , Pa  sture 
and  Crops 

Rapid 

Infiltration 

Biochemical  Oxygen 
Demand  (BOD) 

30-60 

6-12 

O 

GO 

1 

O 

(T' 

0.3-0. 6 

Total  Nitrogen  (TN) 

30-100 

6-20 

3-20 

21-70 

Total  Phosphorus  (TP) 

10-20 

2-4 

1-2 

1-2 

Total  Suspended  Solids 
(TSS) 

20-40 

4-8 

0. 2-0. 4 

0. 2-0.4 

Total  Dissolved  Solids 

400-1000 

4C0-1000  3/ 

800-2000  4/ 

450-1.100  6/ 

(TD3) 

' 

Phenols 

— 

— 

Grot  f.  Heavy  Metals 
I (GUM) 

1-20 

1-16 

\ 

^1 

1 

O 

0-1 

C )i  1 ani  Gi ease 

b — 1 5 

0.3-0. 8 

0.3-0. 8 

0 

GO 

1 

o 

00 

GoUlo-.n  , avi  bacteria 

— 

— 

— 

W Based  on  Table  Il-C-7 
2/  See  Table  JI-B- 10 

3/  Water  would  be  recycled  to  adjacent  lands  for  further  treatment. 

4/  A nnes  one-half  of  the  total  application  vs  used  for  evaporation  and 

transpiration.  Rub-surface  drains  are  assumed  to  ieceive  all  applied  salts. 

5/  M iy  be  3 0 higher  depending  on  the  effectiveness  of  the  salt  leaching 
applications  m removing  heavy  metals. 

6/  A esumos  10  percent  of  water  is  used. 
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Table  II-E-9 

APPROXIMATED  GROUNDWATER  AND  SURFACE  WATER  QUALITIES 


SITE 

GROUNDWATER 

Characteristic  (mg/1) 

% 

Characteristic 

TDS 

Cl' 

S04= 

TH  2/ 

B 

TDS 

TH  2/ 

TNCH 

4 

970 

132 

— 

319 

1.2 

45 

110-340 

- 

5 

328 

45 

12 

138 

0.2 

38 

117-633 

83-355 

0-266 

12 

282 

35 

11 

115 

-0- 

38 

67-3550 

28-1240 

0-108 

18 

127-560 

5-124 

3-60 

35-294 

0-2.0 

19-83 

110-340 

40-232 

0-61 

21 

300 

48 

6 

64 

0.9 

74 

j 51-226 

40-232 

0-61 

27 

550-770 

88 

133-239 

324-540 

0.2-0. 8 

35 

180-1090 

132-650 

0-263 

28 

— 

— 

— 

— 

— 



340-700 

— 

— 

42 

548 

58 

28 

no 

0.5 

43 

52-1280 

26-503 

0-347 

43 

548 

58 

28 

no 

0.5 

43 

340-700 

36-142 

0-37 

* 

NOTES: 

\J  From  Quality  of  Surface  Waters  of  the  United  States,  Geological  Survey  Water-Supply  Paper,  1965, 
Region , California  Region  Framework  Study  Committee  for  the  Pacific  Southwest  Inter-Agency  Comn 

2/  Total  Hardness 

3/  Total  Non-Carbonate  Hardness 


Table  II-E-9 


ROUNDWATER  AND  SURFACE  V.’ATER  QUALITIES  1/ 


SURFACE  WATER 


% 

Characteristic  (mg/1) 

% 

Dominant  Ions 

i 

Na 

TDS 

TH  2/ 

TNCH  3/ 

B 

Na 

Ca^ 

IB 

2 

45 

110-340 

— 

— 

— 

— 

X 

X 

X 

2 

38 

117-633 

83-355 

0-2o6 

. 15-5.0 

16-42 

X 

X 

X 

1- 

38 

! 67-3550 

28-1240 

0-1080 

0-1.5 

34-63 

x 

1.0 

19-83 

110-340 

40-232 

0-61 

0-3.0 

11-23 

X 

X 

X 

1.9 

74 

51-226 

40-232 

0-61 

0-3.0 

11-23 

1-0.8 

35 

180-1090 

132-650 

0-263 

0-0.7 

19-56 

X 

X 

X 

- 

„ ' 

340-700 

— 

— 

— 

X 

X 

X 

5 

43 

52-1280 

26-503 

— 

0-347 

0-0.8 

32-58 

X 

X 

X 

X 

5 

43 

340-700 

36-142 

0-37 



0-0.2 

— 

X 

X 

X 

X 

PBQ&D,  Inc. 


geological  Survey  Water-Supply  Paper,  1965,  and  Comprehensive  Framework  Study  - California 
for  the  Pacific  Southwest  Inter-Agency  Committee  Water  Resources  Council,  1971. 
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11  - Site_'1_F.voli:cition 

Site  4 was  selected  to  represent  the  opportunity  for  enhancing 
a wildlife  habitat  and,  due  to  the  limited  potential  for  agricultural 
applications  based  on  distinct  soil  characteristics  and  the  desire  to 
ptovide  food  for  waterfowl,  Site  1 was  not  evaluated  in  the  same  manner 
as  were  the  other  eight  selected  sites.  Soil  association  data,  potential 
vegetative  covers  and  wastewater  applications  for  Site  4 are  indicated 
in  Tables  II-E-JO  and  II-E-11  . 

12  - Projected  T.ife  of  S ites 

The  magnitude  and  frequency  of  wastewater  applications  and 
the  diainugo  systems  recommended  for  all  sites  arc  selected  to  allow 
pet  manent  operation.  Nitrogen  forms,  phosphates,  phenols  and  the 
soluble  salt  fractions  will  either  be  continuously  used  by  the  vegeta- 
tion, volatilised,  biodegraded  or  leached  from  the  soil  profile. 

Nearly  all  phenols  and  gross  heavy  metals  are  from  industrial 
wa  stos  and,  at  high  concentrations , are  potentially  toxic  to  clouts, 
animals  and  humans.  The  gross  heavy  metals  arc  expected  to 
accumulate  in  the  s c i 1 profile  in  proportion  to  its  clay  content  with 
li’tl  plant  ipt.-'ka  or  leaching  occurring . Hence,  gross  heavy  metals 
(and  phenes : ) must  be  removed  ho  , the  industrial  wastes  at  their 
sources.  With  this  restriction  continuous  annual  operation  of  ell 
sites  can  be  achieved. 
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\ SITE  DEVELOPMENT 


F.  SITE  DEVELOPMENT 


The  development  of  wastewater  distribution,  application  and 
drainage  systems  will  require  a detailed  design  effort.  Considerable 
site  field  data  such  as  detailed  topography  (a  scale  of  1:5,000),  detailed 
soil  classification , land  use  and  ownership  identificat.  on , site  infiltra- 
tion and  seepage  tests  and  comprehensive  hydrologic  and  hydraulic 
analyses  will  be  necessary  to  support  this  design  effort. 


1 - Application  and  Recovery  Systems 

General  methods  of  wastewater  distribution  to  land  parcels  include 
the  utilization  of  open  ditches,  buried  pipe  laterals  and  combined  systems. 
Land  parcels  will  vary  in  size  depending  on  topography,  ownership,  pro- 
posed land  use  and  method  of  application  of  wastewater.  Open  ditches 
have  been  used  extensively  in  the  West  for  irrigation  purposes  and  may 
be  satisfactory  in  selected  areas  of  proposed  wastevvehei  sites.  In 
recent  years,  an  increased  concern  for  water  conservation , public.  sVety, 
appearance  and  induced  maintenance  lias  initiated  a shift  fiotr.  ope.,  ditch 
la  ten  Is  to  buried  pipe  laterals.  The  U.  S.  Bureau  of  Reels  mat  on  i ov, 
ha"  a policy  of  using  buried  pipe  systems  unless  specific  justification 
for  an  open  ditch  system  can  be  fojnd. 

Proposed  wastewater  application  designs  will  utilize  ‘■urface 
irrigation  and  sprinkler  systems.  Surface  irrigation  systems  can  be 
designed  for  a minimum  of  operation  and  maintenance  but  require  nearly 
level  land  or  contour  or  terraced  irrigation  and  are  there  lore  suitable  for 
use  in  selected  site  areas  only.  Sprinkler  systems  can  be  used  oi  nearly 
any  of  the  tetrain  under  consideration  and  allow  careful  control  cf  w stc- 
wntor  application.  Initial  costs  arc  normally  higher  and  evaporative 
losses  are  greater;  however,  returning  the  water  to  a natural  cycle  through 
evaporation  may  be  considered  a benefit. 

Site  drainage  system  designs  will  incorporate  open  surface  drains, 
closed  sub  surface  drains  and  wells.  The  choice  of  spc  ci'u  d.  inngc 
systems  for  land  parcels  will  depend  on  topography,  soil  and  s uosoi ) 
conditions,  vegetative  cover,  groundwater  levels  and  water  qu  Pity  pro- 
tor  ion  requirement:- . 

Figures  TT-r-  j through  II  — F A show  a range  of  actual  installation . 
of  distribution  and  drainage  facilities  for  operating  irrigation  system  •. 

Tin- sc  ii filiation  facilities  are  io  : r mutative  of  ti.e  . ciluies  l1i.il  • -•ulb 
be  utilized  m developing  the  was  water  nppl.cafi  >:>  .•  ites.  In  oo  it* . 
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10  tK  :h  surface  runoff  shown  in  Fioure  II-F-1,  wastewater  projects 

lest  ned  an  managed  to  achieve  a minimum  of  surface  wastes, 
/w.  a ; 1 Ik  access  to  surface  storage  ana  unavoidable  Surface  waste 
would  I n restricted  by  fencing. 

Figure  11  - F—  5 shows  some  of  the  facilities  operated  by  the  City 
of  Pleasanton,  California.  Of  particular  note  here  are  the  undesirable 
spec  n s of  grasses  and  weeds  (thistle,  bunch  grasses,  etc.)  which  are 
present  and  can  only  to  controlled  by  spraying,  reseeding  or  lower  ana 
mote  fiequent  water  applications.  These  lower  rates  will  allow  the  more 
desirable  grasses  to  remain  dominant. 

The  present  annual  rate  of  wastewater  application  at  the  Pleasan- 
ton site  is  approximately  nine  feet  per  year.  It  is,  however,  applied  at 
a rate  of  neatly  one  foot  per  12-hour  period  with  a rotation  of  about  one 
month.  Hence  the  grasses  suffer  fror  lack  of  available  moisture  before 
the  next  application  and  are  weakened  allowing  the  more  drought  resis- 
tant pH  nts  to  dominate  after  several  years  of  operation. 

The  Pleasanton  operation  appe  irs  to  be  quite  succe  sf  il  overall 
and  provides  a good  demonstration  of  'and  application  of  wc.  tev.nter  on 
a small  sc.. jo. 


2 T nit  d Fite  Development 

Development  of  comprehensive  site  systems  for  tin  conveyance , 
dir  tub',  men,  application  and  recovery  of  wastewaters  must  ! • L«.»  seel  on 
carefu  ialv  is  f i lividual  : ite  charac  rj  t . Ph<  s ; :ifi  csign 
requirement  • >f  a particular  silo  are  unmanly  dictated  by  site  topography 
althou  fh  n ny  otl  ei  f ictors  are  inv  lived.  The  discus  s ion  that  f >11  w: 
outlines  d tvpical  approach  to  the  design  of  a distribution , application 
and  recovery  system  for  Site  Sub-Area  5.1.  This  approach  is  not  inten- 
ded as  a guKUj  for  the  design  of  the  conveyance,  storage,  application 
and  drainage  systems  for  the  site,  bu'  is  ratner  a discussion  of  many 
of  5 ho  consideration:  that  will  be  involved  in  the  design  of  these  systems 
for  r,ny  site.  It  doe:  illustrate  typical  problems  that  will  be  encountered 
and  emphasizes  *he  need  for  a comprr;  ensivc  and  imaginative  approach. 


Located  ip  the  inner  coast  range  mountains,  Fub-Area  5.1  cncotn- 
passes  the  fv  . ay  Valley  in  Yolo  C >unly.  This  ■.•alloy  cer  tain:  loth  irn - 

rentin'.  bu si n , some  .jra ssiand 
fore  .a  ana  chat  aral- 
: • arc  s of  f c wost<  rr.  and 
■ 1 1 - 1 - 2 , pa  . e L-l  b;  ...  • 
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Figure  li-f 
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Jf-r-6).  Cache  Creek  runs  the  length  of  the  basin  from  north  to  south, 
from  an  elevation  of  about  440  feet  at  the  north  end  to  about  230  feet  at 
the  south  end.  The  overall  length  of  the  site  is  approximately  16  miles, 
and  valley  width  varies  fiom  about  6.5  to  7.5  miles.  The  gross  aiea  of 
the  site  is  67,100  acres,  with  46,700  acres  considered  suitable  for 
wastewater  application.  Included  in  the  net  area  are  11  ,000  acres  of 
Yolo- Brentwood  soil  located  in  the  central  basin  area  to  the  west  of 
Cache  Creek,  which  are  proposed  tor  utilization  as  a maximum  infiltra- 
tion area  under  Alternative  3 (see  Table  II-E-S).  The  remaining  are  ■ 
extends  up  the  western  and  eastern  valley  slopes  to  maximum  elevations 
of  about  1500  feet  and  is  suitable  for  forest,  pasture  and  crop  land:  . 

The  sub-are  exhibits  varied  topography  and  soil  types  and  illus- 
trates the  design  problem  of  devising  a system  to  meet  the  lequirements 
of  landscapes  ranging  from  flat  alluvial  fans  to  steep  forested  area  . 

The  location  of  Cache  Creek  (a  California  Protected  Waterways  Plan 
Class  II  stream)  in  the  middle  of  the  basin  introduces  the  problems  of 
locating  the  site  systems  for  protection  and  possible  enhancement  of 
existing  environmental  values. 


It  is  assumed  that  the  potential  supply  of  wastewater  for  this 
sub-area  will  be  the  Sacramento  , rea  , which  is  the  nearest  major  metro- 
politan area  and  is  approximate!',  40  miles  southeast  of  the  bason;  thus 
the  most  probably  wo stewulci  lo.i’ow  point  is  at  the  south  (downstream) 
end  of  the  basin.  Location  of  the  source  :.l  a low  point  in  this  area 
introduces  a typical  problem  of  d- stribution  system  design  which  will  be 
encountered  in  other  sites. 

This  particular  sub-area,  with  relatively  steep  side  slopes  (up 
to  about  35-40,')  along  the  wests  n and  eastern  slopes,  a pumping  re- 
quirement of  about  1000-  1 300  tew  above  the  source  point  for  the  higher 
lands  on  these  slopes , and  i central  valley  portioi  of  flat , pen  1<  , 

may  best  be  served  by  a multipo!  /stem,  and/or  a combination  ol  con- 
veyance, application  and  reclamation  designs:  open  channels  and  con- 
duits tor  conveyance,  irrigation  > itches,  and  sprinklers  for  application 
and  surface  and  sub-surface  dra-  s and  wells,  for  dunnage. 


Identification  of  land  u.  es  for  specific  areas  must  pi  credo  ex- 
tensive design  work  since  npplic-tion  icqu'ioments  for  rapid  infiltration 
a>e  is  unde:  Alternative  3 are  10  > 20  times,  the  application  requirement  s. 

(or  lore''.'.,  j a:  lure  or  crop  areas  It  i:  po?  r iblo  that  :,or.o  o;  'hr.-  nntenti 

rapid  lnfibtntion  ateas  may  bo  snore  ' :n-  .ro  velnoMo  n othei  land 

uses  such  i c.  are  indie.-  < 1 in  A > rn.it 'ves  ' 2;  . decision  must 

pre<  lin’o  an*'  design  wor!. . roi  ..  r.*>  . *.  -if  ll-i :.  a < . v-i,  ho  %<  vx  , 
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ill  be  assumed  that  all  potential  rapid-umltration  areas  will  be 
tilized  to  capacity,  thereby  creating  maximum  flow  requirements  ar.d 
• insuring  an  adequate  system  design. 

Consideration  should  also  be  given  to  possible  locations  for 
wastewater  storage  facilities  within  the  site  in  addition  to  any  major 
facilities  proposed  for  storage  capacity  for  the  site.  It  is  assumed  that 
any  proposed  m3jor  reservoir  will  be  located  outsrde  the  basm  area  for 
Sub-Area  5.  1 , and  probably  to  the  south,  but  it  should  be  noted  that 
alternate  placement  (possibly  within  the  site  or  at  the  higher  end  of  the 
basin)  could  have  a pronounced  effect  on  design  requirements  for  the 
site.  Strategic  placement  of  smaller  reservoirs  within  the  site  could 
utilize  potential  natural  storage  areas  and  reduce  hydraulic  requirements 
in  addition,  these  facilities  could  be  designed  and  operated  to  provide 
pond- settling  capabilities . 

Preliminary  investigation  of  Sub-Area  5.  1 indicate  that  there  are 
several  potential  reservoir  sites  m the  canyons  along  the  western  slope 
of  the  valley,  but  in-depth  geolc  be  investigation  muP  precede  deter- 
mination of  technical  feasibility.  Likewise,  portions  of  the  western 
and  eastern  'ope r of  the  basin  auoeer  to  bo  suitable  foi  surface  irri- 
gation, while  other  cocas  on  the  slopes  are  too  rugged  to  permit  uniform 
and  efficient  apphc.nl  on  by  surface  irrigation  and  would  require  movable 
sprinkler  sy.de  nu  . 

In  this  consideration  of  ' h«  system  design  problem  for  Sub-Area 
5,1,  it  is  assumed  that  any  major  stoi  ige  facility  for  the  area  will  be 
located  at  the  south  end  of  the  bn.  in,  that  all  potential  areas  will  be 
utilized  for  maximum  wastewater  application  under  Alternative  3 and 
that  application  rates  will  be  atom  five  feet  of  wastewater  per  year  to 
the  forest,  pasture, and  crop  lands  for  0 months  cf  the  year,  and  90  feet 
per  year  to  the  Yolo- brent  wood  acre,  ja  intended  for  rapid-infiltration 
utilization  on  a yeat-round  basis. 

Any  system  proposed  for  Pub-Area  5.  1 will  have  to  provide  for 
pumping  ct  t ho  water  along  ihe  valley  floor,  as  ground  slopes  along 
Cache  Own  k prevent  the  use  of  o open  channel.  Two  basic  overall 
design  approaches  appear  to  no  l)>o  most  feasible: 

1)  Pumping  of  thr  water  from  the  southern  point  in  the 
basin  through  hruo  separate  distribution  systcr  : 
one  each  to.  tic  eastern  end  western  fori  st,  pustm • 
arid  crop  in./’  j rear  and  one  for  the  iapid-ir.fi. tuition 
acreage  to  •a.  m die  < • utral  valley  portion. 
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This  plan  would  require  pumping  of  wastewater  to  the  eastern 
-'n  ' " stem  ridges  of  the  basin,  at  heights  of  800  to  1200  feet  above 
i.e  out  net  ly  supply  point.  Additionally,  a pipeline  would  be  recruited 
for  li:  tribution  o’  wastewater  foi  the  rapid-infiltration  acreage  in  the 
Central  Valley  Region.  The  lift  for  pumping  to  the  eastern  and  western 
slopes  is  great,  but  it  should  be  noted  that  flows  to  the  eastern  and 
western  slopes  comprise  only  about  20-25°/.  of  the  total  flow  requirement 
for  the  basin. 


A system  of  opon  channels  along  the  eastern  and  western  ridges 
has  been  considered  in  combination  with  gravity-fed  surface  irrigation 
systems,  but  the  topography  indicates  that  construction  of  such  channels, 
which  would  be  2 to  5 times  the  length  of  the  valley  if  natural  contour 
elevations  are  followed,  would  bo  tedious  and  costly.  One  alternative 
is  the  construction  of  pipelines  along  the  ridges  at  the  most  feasible 
and  convenient  elevations  for  su,-t !.  uiy  wastewater  to  the  irrigation  and 
sprinkling  systems  at  lower  elevations. 


Under  this  plan,  a pipeline  located  in  the  centra]  valley  floor 
would  be  required  to  provide  wastewater  to  the  Yolo- Brentwood  rapid- 
infiltration  area,  and  a series  of  pumping  and  outlet  stations  would  be 
i equired  along  this  central  pi  pel'  \o . The  construction  of  levees  in  this 
rapid-infiltration  area  may  permit  the  utilization  of  gravity-assisted 
wastewater  application . 


It  should  be  noted  that  no  conveyance  of  wastewater  across 
Cache  Creek  would  be  required  under  this  plan. 

2)  Pumping  of  the  entire  quantity  of  required  water 
through  a pipeline  located  just  upslope  (west)  from 
the  Yolo- Bret. twood  acreage. 

An  obvious  economy  would  be  gained  by  pumping  the  wastewater 
into  one  pipeline  rather  than  three,  biu  larger  pumping  stations  would 
be  required  along  this  central  pipeline  to  nandle  the  flows  io  the  eastern 
and  western  slopes  as  well  as  the  application  requirement  for  the  rapid- 
infiltration  >rea.  This  system  could  be  rievi',ed  to  include  a minimum 
number  of  pumping  stations  and  other  costly  hardware,  as  distribution 
points  along  the  central  pipeline  could  supply  all  three  areas  at  once; 
the  western  slope,  the  central  rapid-infiltration  area,  and  the  eastern 
slope  (see  figure  II  F-6).  This  [dan , on  the  other  hc.nd,  must  provide 
tor  conveying  wastewater  across  Cache  Creek,  whicn  teaches  a maximum 
width  of  about  200-400  feet,  to  the  eastern  slope  of  the  basin. 
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Under  this  plan,  a moveable  sprinkling  system  would  be  con- 
structed to  provide  maximum  efficiency  and  uniformity  in  the  distribution 
of  wastewater  to  the  forest,  pasture,  and  crop  areas  suitable  for  sprink- 
ler a|  plication,  and  surface  irrigation  may  be  incorporated  by  pumping 
of  the  wastewater  from  the  central  pipeline  into  channels  in  areas  of 
suitable  topography.  Spreading  on  the  rapid-infiltration  area  may  again 
be  achieved  by  gravity-feeding  to  sections  defined  by  a system  of  levees. 

Each  of  the  two  plans  for  Sub-Area  5.  1 calls  for  a central  pipe- 
line to  be  constructed  just  upslope  from  the  rapid-infiltration  area.  A 
series  of  pumping  and  storage  stations  would  be  required  at  convenient 
locations  and  at  suitable  intervals  along  the  pipeline.  The  sizes  of 
storage  and  pumping  facilities  would  be  determined  from  application  and 
flow  requirements , with  reservoirs  providing  storage  capacities  sufficient 
to  allow  for  continuous  pumping  along  the  pipeline,  thereby  significantly 
reducing  sizes  and  costs  of  pipeline  and  pumping  equipment. 

Preliminary  flow  requirement  calculations  have  been  made  for  a 
system  of  five  pumping,  storage  and  distribution  stations  located  along 
a proposed  central  pipeline  (see  Figure  TI-F-f).  Estimates  indicate  tuat 
continuous  flows  in  the  five  sections  of  pipeline  will  range  from  oboe 
1800  cfs  in  the  initial  section  to  about  300  cfs  in  the  last  section.  Sto- 
rage capacity  requirements  for  those  facilities  would  be  calculated  from 
flow  estimates  and  system  flexibility  requirements.  Each  of  the  five 
stations  would  have  outlets  for  the  distribution  of  wastewater  to  adjacent 
forest,  pasture,  crop  and  rapid-mfrltration  areas . Additional  pumps 
would  be  required  at  these  stations  to  serve  areas  in  which  topography 
cannot  provide  the  hydraulic  head  required  for  distribution,  and  pipelines 
crossing  Cache  Creek  would  be  required  for  the  transporting  of  wastewater 
to  eastern  slope  areas.  These  pipes  could  incorporate  outlets  for  the 
distribution  of  wastewater  to  the  rapid-infiltration  areas. 

A typical  sprinkler  system  for  suitable  areas  might  include 
moveable  surface  sub-lateral  lines  supplied  from  a network  of  buried 
main  laterals  receiving  flow  from  the  five  storage  and  pumping  stations. 
Areas  suitable  for  surface  irrigation  could  be  supplied  by  open  ditcher 
receiving  wa;  tewater  directly  from  the  pumping  stations.  The  design  of 
sprinkler  and  irrigation  systems  would  incorporate  natural  surface  char- 
acter trues  and  slopes  to  facilitate  east  in  consti uction  and  operation. 

Figures  II-T-7  and  II— F—  8 'llustrate  a possible  scheme  of  waste- 
water  distribution  and  drainage  s stems.  Area  with  steep  sloi ; will 
best  be  served  by  sprinklers  and  surface  drainage  systems,  a;  1 re. re 
flatter  areas  may  more  cffectivcb'  utilize  surface  irrigation  a • >d  ■ ••  surface 
drainage  sy:  teens.  Natural  draii  aye  patterns  in  the  sub  men  so.  < vtc  nsu  ■. 
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and  may  be  utilized  successfully  in  a comprehensive  drainage  and 
recovery  system. 

3  - Conveyance  and  Storage  System s 

An  investigation  of-  alternative  off- site  conveyance  and  storage 
requirements  for  the  nine  selected  sites  is  not  included  in  this  report. 

It  is  assumed  that  there  facilities  will  be  a combination  of  open  and 
closed  conduits  and  canals  with  Dumping  stations  and  regulating  reser- 
voirs located  to  take  advantage  of  the  natural  topography.  Storage 
reservoirs  will  probably  be  required  at  both  the  effluent  source  and  at 
the  land  application  site  and  daily  forebay  regulation  capacity  will  be 
required  at  the  pumping  plant;  . Standby  pumping  capacity  and  power 
source  will  bn  required  fo.  <.'l  plants.  Right-of-way  for  all  facilities 
must  be  carefully  con...  icred  a.;  wall  as  the  solution  to  the  problem  of 
crossing  any  major  waterways. 

Figure  If-  F-9  .shows  a mass-curve  storage  capacity  analysis 
for  the  extreme  monthly  disb  i belie  of  annual  waste  we  n'i  applications 
for  Ft/  -An  as  '2.2  .id  IF.  1.  From  <0  io  55.  percent  of  the  total  annual 
appbccition  would  have  to  be  steed  j n the  sub-area  to  provide  for  these 
v(  i i,  u.  ion s . 
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4 - Estimated  Development.  Cost.;  and  Crop  Val  ics 

Tables  II -F  i ai  .’  31-F-2  give  estimated  unit  development  costs 
end  e st  mated  crop  and  ground  cover  values  foi  the  range  of  systems , 
equipment  and  vegetative  cover''  err.  i.-ioned  for  was  town  ter  applic  '.lion 
sites. 
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Table  II- F- 1 


ESTIMATED  UNIT  DEVELOPMENT  COSTS  1/ 
(1970  base) 


Feature 

Capital 
Expenditure 
($  per  acre) 

Annual  Operation 
& Maintenance^/ 
($  per  acre) 

Conveyance  & Storage 

_ _3/ 

__J/ 

Distribution  Systems 

Open  Ditch 

300  - 350 

2 - 5 

Buried  Pipe 

400  - 500 

2-5 

Application  Systems 

Open  Ditch  (furrow,  border 

50  - 2004-/ 

or  basin) 

-0- 

Buried  Pipe  (furrow,  border 

150  - 400'i/ 

or  basin) 

Sprinkler  (includes  pump) 

- 0- 

Portable 

150  - 200 

50  - 60 

Semi  - permanent 

500  - 600 

50  - 60 

Solid  Set 
Frost  Protection 

600  - 700 

50  - 60 

(per  ma  non  l) 

800  - 1200 

70  - 80 

Drainage  Systems 

Open  Ditch 

50  - 100 

2 - 5 

Closed  Subsurface 

150  - 200 

2 - 5 

Wells 

50  - 100 

5 - 15 

1/  Derived  from  a variety  of  reports  and  individuals  and  intended  for  use 
as  approximate  site  development  costs. 


2/ 

Does  not  include  labor  costs  normally  associated  with  farm  operations 
(i.c.  , land  preparation  for  seeding,  irrigation  water  management,  etc.) 

3/ 

Vaiiable  depending  upon  site  location  and  characteristics. 

4/ 

Includes  estimated  cost  of  land  Ic  /oling. 
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Table  II-F-2 


ESTIMATED  CROP  AND  GROUND  COVER  VALUES  1/ 
(1970  base) 


Crop  or  Cover 

Estimated  Gross  Value 
($/acre) 

Forests 

Redwood 

0 - 150  2/ 

Monterey  pine 

0 - 290  1/ 

Pasture 

50  - 150 

Forage  and  Hay 

100  - 200 

Alfalfa 

200 

Rice 

200  - 250 

Grain  (cereals) 

i 

150 

! 

Crops 

1 

Truck 

300-600 

Field 

150-300 

Row 

150-250 

Orchards  and  Vines 

600  - 800 

Sugar  Beets 

250  - 350 

Native  Vegetation  and 

-0- 

Marsh  Grasses 

1/  From  Ref,  28 


2/  From  Ref.  77 
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?arernt  1$  eXerCiSCd‘  Care  ^ determining  suitable  cropping 
' ln  ,e  <,csign  anci  construction  of  application  and  recovery  sys- 
!°!n5'  an  ln  uetcrm.ining  optlm£l  application  and  resting  cycles  and  vege- 

w1tpr  °hVC1,?mOVd  S and  ClOSe  monitorin9  of  applied  and  recovered  waste- 
ftf^  should  ensure  efficient  treatment,  and  optimal  vegetative  growth 
while  protecting  the  environment  and  preventing  public  health  hazards. 


G.  ENVIRONMENTAL  ASSESSMENTS 


G.  ENVIRONMENTAL  ASSESSMENTS 


1 - Criteiia 


lhc  criteria  for  assessing  the  potential  environmental  impacts 
of  applying  wastewaters  to  the  selected  sites  are  based  on  reports  pie- 
pared  by  the  technical  consultant.  -ind  are  summarized  in  the  following 
paragraphs. 

Criteria  for  Vegetation , Fish,  Wildlife  and  Recreation 

1.  Wastewater  application  processes  for  land  units  within 
potential  sites  which  support  significant  populations  :.f 
game  and  non-game  species  should  be  designer!  to  main- 
tain the  carrying  capacity  of  these  areas. 

2.  Opportunities  for  the  use  of  wastev.ater  to  enhance  the 
productivity  of  existing  wetland  arcs'  mould  i o :d-  ..u fieri. 

3.  Plant  and  animal  species  and  uniguo  Gccscs'cr]  con  s . ' ^ it?'- 
which  would  be  endangered  by  wastewater  application 

be  identified . 

4.  Wastewater  or  reclaimed  wastewater  which  is  to  be  urn  5 
for  recreational  purposes  in  a potential  si‘e  should 
evaluated  in  relation  to  the  extent:,  of  public  uses  ici- 
pated . 

5.  Opportunities  to  use  wastewater  and  re.-  1 .imed  waste  water 
for  reservoir  storage  and  for  augmenting  flows  in  natural 
stream  courser  with  resulting  enhancement  of  fisheries, 
wildlife  habitats  and  recreational  activities  should  be 
identified . 

6.  Unique  histo-jcal  and  aichaeological  sites  which  could  Lie 
en<  . ugcreb  'ey  waste  water  application  should  be  identified. 

7 . Tran spor.  and  distribution  facilities  and  wastewater  appli- 
cation methods,  should  be  designed  for  minimum  impact  on 
the  environment. 

8.  Anticipated  occurrences  of  ground  fog,  humidity  problems 
arid  odor  nuisance,  should  be  identified. 


Opportunities  for  enhancing  the  overall  environmental 
quality  of  land  units  within  potential  sites  should  he  iden- 
tified. Such  opportunities  may  include  changes  m vegetal 
cover,  expansion  of  the  diversity  of  species  and  increases 
in  biological  productivity. 

Criteria  for  Public:  Health 

Percolated  wastewater  which  will  be  allowed  to  comingle 
with  water  supplies  shall  exceed  the  chemical  and  bacter- 
iological qualities  of  those  supplies.  Percolated  waste- 
water  which  will  be  u ed  for  drinking  water  shall  meet  the 
U.  S.  Public  Health.  Service  Drinking  Water  Standard. 

Wastewaters  which  are  planned  far  use  for  spray  or  surface 
irrigation  of  produce  in.vkei  crops,  processed  food  crops, 
dairy  pasture  and  landscaping,  and  for  landscape  and  rec- 
reation impoundments  , hall  meet  the  State  of  California 
Standards  for  the  Safe  Direct  Useof  Reclaimed  Wastewater 
for  Irrigation  and  Recreational  Impoundments. 

Environmental  health  factors  including  communicable  diseases 
and  vectors  should  be  a;  sensed  in  each  potential  site  and 
control  measures  outlined. 


4.  Wastewatei  application  p'cles  Id  be  designed  to  avoid 
over-watering  in  land  units  susceptible  to  the  propagation 
of  fungal  disease  agents. 


L - Vegetation,  I’ish,  Wildlife  and  Recreation  Assessments 

This  preliminary  assessment  provides  the  following  information 
for  each  of  the  nine  selected  sites: 

1)  Expected  plant  and  animal  associations  in  the  site. 

2)  Populations  of  selected  plants,  animals  and  habitat  types. 

1 


3)  Incidences  anci  potential  location  of  rare  or  endangcre 
plant  :•  and  animals . 

4)  Hab'b't:-.  oi  ecolv  ies  ‘ hat  are  valuable,  popular  or  other- 
wise sensitive  to  hinge. 
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5)  Fish,  wildlife  and  recreational  use  opportunities. 

6)  Historical  and  archaeological  sites. 

7)  Recommendations  for  further  site  evaluations. 

Data  gathered  for  this  preliminary  assessment  includes  information 
from  various  state  and  county  agencies,  from  .California  Department  of 
Fish  and  Came  biologists,  and  from  the  California  Regional  Water  Quality  . 
Control  Board,  and  is  incomplete  in  many  instances.  Information  for 
each  of  the  selected  sites  is  summarized  in  Table  II-G-1.  A discussion 
of  each  selected  site  is  found  in  Part  4 of  this  section. 

Rare  and  endangered  plants  and  animals  whose  distributions  fall 
within  the  potential  wastewater  management  sites  are  identified  and 
described  as  to  habitat  and  locality.  Major  and/or  common  fisheries 
and  wildlife  are  identified  for  each  area,  as  well  as  the  densities,  rec- 
reation use  and  yield  of  the  game  species  and  their  distributions  relative 
to  habitat  types.  Public  recreational  facilities  are  inventoried  as  to 
on-site  facilities  and  uses.  The  gross  recreation  reservoir  is  determined 
for  each  area.  Unique  or  critical  habitats  or  ecological  situations  aie 
identified  and  discussed. 


Vegetation 

A list  of  rare,  endangered  and  possibly  extinct  plants  was  com- 
piled for  each  area  from  the  "Inventory  of  Rare,  Endangered  and  Possibly 
F.xtinrt  Plants  of  California"  prepared  by  the  California  Native  Plant 
Society.  Exact  locations  for  each  species  may  be  available  in  the  lit- 
erature or  from  herbarium  specimens,  but  general  distributions  are  used 
for  each  species  in  this  study.  As  a consequence,  some  species  may 
be  located  just  outside  an  area,  but  may  be  listed  in  the  area. 

The  locality  and  plant  community  is  included  for  each  species 
named.  Plant  communities  are  regional  elements  of  the  vegetation  which 
are  characterized  by  the  presence  of  certain  dominant  plant  species. 

IMth  climatic  and  cdaphic  conditions  affect  the  distribution  of  plants 
and  thereby  regulate  plant  communities . A complete  list  of  California 
plant  communities  with  theii  dominant  oi  indicator  species  can  be  lound 
in  Munz  ,.r.  1 heck's  A California  Flora.  Examples  of  common  communities 
• aid  some  of  their  indicator  species  (by  common  names  if  available.)  are 
uinnmri:  c ! below; 
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Plant  Community 
Valley  grassland 

Chaparral 

Foothill  woodland 


Kedwood  forest 


Closed-cone  pine 
forest 


Some  indicator  Species 

Annual  grass  species  of  (Bromus, 
Festuca,  Avene,  Stipe) 

Chamise,  toyon,  coffee-berry, 
California  lilac,  rnsn/.aaita 

Digger  pine,  black  oak,  valley 
oak,  interior  live  oak,  coast 
live  oak,  California  bay,  Cali- 
fornia buckeye 

Coast  redwood,  Douglas  fir, 
tanbaik  oak,  Rhododendron , 
wax  myrtle 

Monterey  pine,  Bishop  pine, 
beach  pine,  Monterey  cypress 


Comparisons  of  vegetative  cover  types,  habitat  types  and  plant 
communities  are  given  in  Tnblt  Ii-C-2.  Only  those  cover  types,  plant 
comma  .'ties  or  habitat  types  which  are  in  the  wastewater  management 
areas  are  included,  Co-  re;  pond  it  y vegetative  designations  are  shown 
on  the  same  hori.  ontal  line,  and  overlapping  designations  are  indicated 
by  a line  between  the  two  different  designations. 

Fish  n_nd_  Wild  life 

The  wildlife  within  each  wastewater  management  area  is  reported 
by  habitat  types.  Habitat  typos  arc  based  os  recurrent  assemblages  of 
certain  key  plant  species  or  types.  California  habitat  types  are  listed 
in  the  California  Fish  and  Wildlife  Flan  (Vol.  ill,  Part  A).  Examples  of 
habitat  typos  and  their  indicator  plant  species  arc  shown  below: 


H ebitat  Type 
Redwood  forest 

Coastal  lore st 
H ldwoc-  1 


I_ndi o ior  Species 

Coast  redwood,  Douglas  fir, 
California  lair.ol  (bay),  tan-bark 
oak,  Rhododendron,  m-nirone 

Douglas  fir,  reowoocl,  California 
laurel,  Un-bark  oak,  madrono 

l ive  t ak  , black  oak 
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Table  II-G-2 

COMPARISONS  OP  COVER  TYPES, 
CALIFORNIA  HABITAT  TYPES 
AND  PLANT  COMMUNITIES 


Cover  Types 

California  Habitat 
Types 

Plant  Communities 

Coniferous  forest 

Redwood  forest 

Redwood  forest 

Coastal  forcst 

Douglas  fir  forest 

Pine- fir- chaparral 

Yellow  pine  forest 

Minor  conifers 

Closed-cone  pine  forest 

Hardwoods 

Hardwood 

Woodland  - chaparral--.. 

Mixed  evergreen  forest 

Woodland- sage, brush  — 

Foothill  woodland 

s' 

-Woodland-gras?  es  — 

Northern  oak  woodland 

Grass-Forbs  ' 

Grasslands 

Valley  grassland 
Coastal  prairie 

Chaparral-Mt . Brush 

Chaparral 

Chaparral 

Northern  coastal  scrub 
Coastal  strand 

Coast  sagebrush 

Coastal  sayc-  scrub 

Southern  Desert  Shrub 

Sa  It  brusli- buck  wheat 

Pi nyon- Juniper 

Juniper-Pinyon  pine 

Pinyon  junipei  woodland 

Marsh 

Marsh 

Coastal  salt  marsh 

Seasonal  marsh 

Freshwater  marsh 

Water 

Lakes , bays  .reservoirs 

Agriculture 

Agriculture 

Urban 

Urban  industrial 

Barren 

Barren 
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Chaparral 


Chamise,  manzanita,  Ceonothus 


Woodland  grass  Oaks,  broadleaf  trees,  grasses 

Grassland  Fllaree  , fescue,  cheat  grass, 

brome,  soft  chess 

Plant  communities  and  habitat  types  are  not  synonymous,  although 
they  generally  have  the  same  plant  indicator  species.  Comparisons  among 
cover  types,  habitat  types,  and  plant  communities  are  given  in  Tal  le 
Il-G-2.  However,  this  listing  represents  only  a cursory  comparison  of 
these  different  vegetative  designations . 

Tish  and  wildlife  data,  species  identifications  and  densities, 
hunting  and  tishing  uses,  and  rare  or  endangered  status  designations 
are  derived  from  California  Department  of  Fish  and  Game  publications 
and  other  sources  including  the  California  Fish  and  Wildlife  Plan.  Table 
JI-G-3  contains  a list  of  the  principal  game  and  non-game  fish,  birds 
and  mammals  found  in  the  study  areas.  The  number  of  species  of  mam- 
mals in  California  is  considerably  smaller  than  the  number  of  species 
of  birds,  and  their  distribution  lends  itself  to  cursory  survey  much  more 
readily  than  does  the  distribution  of  birds.  Consequently,  the  mammal 
list  given  for  the  wa ste water  management  areas  con'  .inr  most  of  the 
mammals,  while  the  bird  list  is  restricted  to  the  game  birds  and  raptors 
of  importance. 

Waterways 

The  California  Protected  Waterways  Plan  (Initial  Elements,  1971) 
is  the  first  report  to  the  California  Legislature  of  the  investigations 
carried  out  under  the  California  Protected  Waterway.  Program  as  required 
by  the  Protected  Waterways  Act  (19G8).  Part  of  the  study  required  "the 
identification  of  those  waterways  of  the  state  possessed  of  extraordinary 
scenic,  fishery,  wildlife  or  outdoor  recreation  resources."  The  term 
"waterways"  was  defined  by  the  California  Protected  Waterways  Act  to 
include,  "the  waters  and  adjacent  lands  of  streams,  channels,  lakes, 
reservoir:; , bays,  estuaries,  marshes,  wetlands  and  lagoons . " This 
study  identified  and  classified  the  extraordinary  waterways  for  each  of 
the  major  categories:  scenic,  fishery,  wildlife  and  recreation.  A 
master  list  of  extraordinary  waterways  was  cor  ruled  from  these  indivi- 
dual evaluations. 

The  California  Protected  Waterways  Plan  was  used  in  this,  study 
to  i ’entify  the  extraordinary  wterw  >v  in  each  area  and  to  \ '.<•  them  a 
to  relative  imp» irtanre  for'  each  of  the  ' .a;or  cite  ;os ics  (scenic,  fi shorter  , 
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Tabic  II-G-3 

PARTIAL  LIST  OF  FISHES,  BIRDS  AND  MAMMALS 
FOUND  IN  STUDY  AREAS 

Anadromous  Fish 


Common  Name 

White  sturgeon 
Green  sturgeon 
American  shad 
King  salmon 
Silver  salmon 
Brown  trout 
Coast  cutthroat  trout 
Rainbow  trout  (inland) 

(ocean- steel  head) 

Sucker 

Carp 

Sacramento  blackfish 
Hardhead 

Sa  era  me  n to  sq  u a w fish 
Splittail 
Channel  catfish 
White  catfish 
Brown  bullhead 
Black  bullhead 
Yellow  bullhead 
Striped  bass 
Yellow  perch 
Smallmouth  bass 
I.argernouth  bars 
Green  sunfish 
Redear  sunfish 
Bluccjill 

Sacramento  perch 
White  crappic 
Black  crappie 
Tule  perch 


Scientific  Name 

Acipenser  transmontanus 
Acipenser  medirostris 
Alosa  sapidissima 
Oncorhynchus  tshawytscha 
Oncorphynchus  kisutch 
Salruo  trutto 
Salmo  clarkii  clarkii 
Sal  mo  gairdnerii 

Catostomus  spp. 

C/prinus  carpio 
Orthodon  microlepidotus 
Mylopharodon  conocephnlus 
Ptychochoilus  grandis 
Pogonichyhys  macrolcpidotus 
Ictalurus  punctatus 
I eta  lu)  ur  cat  ns 
Ictalurus  ncbnlosus 
Ictalurus  ineias 
Ictalurus  nutalis 
Roccus  saxatilis 
Terca  flavesccns 
Micropterus  dolomieui 
Micropterut  salmoides 
Lepomis  cyanellus 
Lepomir  microloplius 
Lepomis  macrochirus 
Archoplitcs  interruptus 
Pomoxis  annularis 
Pomoxis  nigromacnlotv  s 
Hysterocoi  pus  traski 


G fi 


Mamma)  s 

i 'ommon  N. .me 

Black-tailed  deer 

Tule  elk 

Feral  nig 

Black  bear 

Kit  fox 

Grey  fox 

Coyote 

Mountain  lion 

House  cat 

Bobcat 

Beaver 

Muskrat 

Porcupine 

Opossum 

Raccoon 

Ring-tailed  cat 

Pino  marten 

Long- tailed  weasel 

Mink 

River  ottei 
Spotted  skunk 
Striped  skunk 
Badger 

Black-tailed  jackra!  bit 

Audubon  cottontail 

Brush  rabbit 

Chickaree 

Grey  squirrel 

Fa:  torn  fox  squirrel 

Eastern  grey  squirrel 

Moles 

Shrews 

Bo  IS 

California  ground  squirrel 
San  Joaquin  nntclop>  squirrel 
Townsend  chipmunk 
Sonoma  chipmunk 
Mrrn.im  chipmunk 
Valley  pocket  gopher 
l ittle  pocket  iiou.  e 
San  Joaquin  pociud  mouse 


Scientific  Name 

Odocoileus  hemionus  columbianus 
Cervus  nannodes 
Sus  sp. 

Ursus  americanus 
Vulpes  macrotis 
Urocyon  cinereoargenteus 
Can  is  latrans 
Fell  s concoior 
F.  domesticus 
Lvnx  rufus 
Castor  canadensis 
Ondatra  zibethica 
Eretlnzon  eqixanthum 
Didelphis  virginiana 
Procyon  lot  or 
Bar, sari  sens  astutus 
Martcs  caurina 
M . frenata 
M.  vison 
Lutra  canadensis 
Spilogale  gracilis 
Mephitis  mephitis 
Taxidea  taxus 
Lepus  californicus 
Sylvilaqus  audubonii 
S.  bachmani 
Tamiasciurus  douglosii 
Sciurus  griseus 
S.  niger 
S.  carolinensis 
Scapanus  latimanus 
Sorex  spp. 

Numerous  species  of  order  Chiropte: 
Citellus  beecheyi 
Ammospermophilus  nelsoni 
Eutamias  townsendi 
E.  sonoma e 
E.  merriami 
Thomomys  bottae 
Perognatlius  longimembris 
P.  inornatus 


09 


Common  Name 


Scientific  Name 


Californio  pocket  mouse 
1 nermann  kangaroo  rot 
Ciant  kangaroo  rat 
Santa  Crus  kangaroo  rat 
Fresno  kangaroo  rat 
Western  harvest  mouse 
S.ilt  marsh  harvest  mouse 
California  mouse 
Deer  mouse 
Brush  mouse 
Finon  mouse 

Southern  grasshopper  mouse 
Desert  woodrat 
Dusky-footed  vvoodrat 
California  vole 
Pacific  jumping  mouse 
Rod-backed  mouse 
Old  world  rat: 

OK!  vvor Id  i , iui  e 
Mountain  • ■ r 


P.  californicus 
Dipodomys  heermanni 
D.  ingens 
D.  venustus 
D.  nitratoides 
Reithrodontomys  megalotis 
R.  raviventris 
Peromyscus  californicus 
P.  manicalatus 
P.  boylei 
P.  truei 

Orychomys  torridus 
Nootoma  lepida 
N.  fuscipes 
Mrcrotus  californicus 
Zopur,  trinotatus 
Clcthrionomy.:;  occidentalis 
Rattus  !'pp. 

Mu:-  musci.ius 
Aplc-  ’ - ..Uj  rufa 


_Bi '/ 1 r (Game,  W n_e 

Blue  grouse 
Chukar  partridge 
California  uuail 
Mountain  quail 
Ring-necked  pheasant 
Wild  turkey 
Band- tailed  pigeon 
Domestic  pigeon 
Mourning  dove 
Trumpeter  swan 
Western  Canada  goose 
Great  Basin  Canada  goose 
Lessct  Canada  goose 
Cackling  goose 
Block  brant 
White- fronted  goose 
Snow  goose 
Ross  goose 
Mallard 
i iauwo’l 


fowl , Ra  otoi _) 

Demirag.ipus  fuliginosus 
Alecto:  * s graeca 
Lophortyx  californica 
Oreortyx  picta 
Pha. nanus  colchicus 
Mclcagris  gallopavo 
Columba  fasciota 
Coluinba  livia 
Zenoidura  mac.roura 
Olor  buccinator 

Branta  canedonsis  occidentalis 
B.  c.  nioffitti 
B.  c.  leucopareia 
B.  c.  minima 

B.  nigricans 
Anser  albilVons 
Chen  hyperborea 

C.  rossii 

Anas  platyrhynchos 
A.  slreper<! 
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Common  Name 


Scientific  Name 


Pintail 

Green-winged  teal 
Cinnamon  leal 
American  widgeon 
Shoveler 
Wood  duck 
Canvasback 
Greater  scaup 
Lesser  scaup 
Common  goldeneye 
Barrow's  goldeneye 
Bufflehead 

White-winged  scoter 
Surf  scoter 
Common  scoter 
Ruddy  duck 
Hooded  merganser 
Common  merganser 
Red-breasted  merganser 
Blue  heron 
Common  egret 
Snowy  egret 

Black-crowned  night  heron 
Sandhill  crane 
California  clapper  rail 
Gallinulc 
Coot 

Common  snipe 
Glossy  ibis 
Condor 

White-tailed  kite 
Golden  eagle 
Bald  eagle 
Prune  falcon 
Peregrine  falcon 
Marsh  hawk 
Red -tailed  hawk 
Sparrow  hawk 

l 


A.  acuta 
A.  carolinensis 
A.  cyanoptera 
Mareca  americana 
Spatula  clypeata 
Aix  sponsa 
A.  valisineria 
A.  maiila 

A.  affims 
Buccphala  clangula 

B.  islandica 
B.  albcola 
Melanitta  deglandi 
M.  pcrspicullata 
Oidemia  nigra 
Oxyura  jama  icon  sis 
Lophodytes  cucullatus 
Merges  merganser 

M . serrator 
Areda  herodias 
Casmerodius  albus 
Leucophoyx thula 
Nycticorax  nycticorax 
Crus  canadensis 
Rallus  longirostris  obsoletus 
Gallinula  chloropus 
Fulica  americana 
Capella  gallmago 
Plcgadis  guarauna 
Gymnogyps  californianus 
Planus  leucurus 
Aquila  chrysaetos 
Haliaectus  leucocophalus 
Ft.'lco  mexicanus 
Falco  pereyrinus 
Cirus  cyaneus 
Buteo  jamaicensis 
Falco  sparverius 
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wildlife  and  recreation). 


The  classification  system  used  in  the  California  Protected 
Waterways  Plan  to  evaluate  the  waterways  is  as  follows: 


"Class  I 


"Class  II 


"Class  III 


Premium  waterways.  Statewide  interest  and 
importance  usually  involved;  attract  visitors 
from  throughout  the  State. 

Very  good  waterways.  Regional  interest  and 
importance  usually  involved;  attract  visitors 
from  a less  than  statewide  area  , normally  with- 
in about  a 200-mile  radius.  These  waterways 
have  high  values  . . . but  they  rank  just  below 
those  in  Class  I. 


Important  waterways.  County- wide  interest 
and  importance  usually  involved;  used  primarily 
by  residents  of  the  county.  Criteria  evaluation 
ranks  these  just  below  those  in  Class  II." 


The  criteria  used  for  evaluating  and  rating  each  waterway  are 
a > follows ; 

1)  The  size,  present  and  potential  ability  to  produce  and 
support  fish  and  wildlife  populations; 

2)  The  quality  and  quantity  of  the  fishery  and  wildlife 
resources  produced; 

3)  The  presence  of  rare  or  endangered  species; 

4)  Present  and  future  potential  human  use  (quality  and  quantity) 
including  scientific  and  education  pursuits; 

5)  Present  and  future  availability  of  the  waterway  for  public 
v se ; 

6)  Presence  of  critical  environmental  requirements; 

7)  Geographical  location  related  to  scarcity; 

8)  Aesthetic  condition;  and 

9)  Access,  condition  and  facilities. 
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'!  hi:  four  major  categories  (scenic,  fishery,  wildlife  and  recreation)  are 
. ; b-dividod  based  on  type  of  waterway,  type  of  resources,  scenic 
ility  or  recreation  usage.  Farm  ponds  throughout  the  state  are  clas- 
. died  as  Class  I lakes  and  reservoirs  in  the  wildlife  waterway  evalu- 
ations. Waterways  within  each  potential  wastewater  management  area 
are  recorded  as  to  their  classification  in  the  California  Protected  Water- 
ways Plan. 


Recreation 

The  majority  of  the  inventory  of  existing  recreation  supplies  was 
determined  by  an  analysis  of  existing  state,  county  and  local  listings 
of  recreation  facilities  in  their  respective  jurisdictions . 

Natural  features  such  as  waterfowl  flyway  routes  and  water  bodies 
capable  of  supporting  recreation  are  identified  since  these  features  sig- 
nificantly affect  the  recreation  potential  for  the  study  areas. 

The  participation  day  estimates  given  in  Table  II-G-/-  represent 
the  potential  of  recreation  demand  which  might  be  available  to  a site, 
that  is,  the  total  demand  irom  which  a prospective  facility  might  draw 
users.  The  portion  of  potential  demand  which  can  be  attracted  to  any 
given  site  depends  upon  the  natural  and/or  man- made  rite  . nenities 
and  upon  the  public  tastes  at  the  time  a proposed  site  is  available  for 
public  use. 

All  estimates  of  recreational  demand  are  for  the  year  1970  and 
are  based  on  the  variables  identified  in  the  demand  subsystem  of  the 
Park  and  Recreation  information  System.  These  include  population 
forecasts,  socio-economic  characteristics  of  the  population,  per  capita 
demand  for  recreation  activity  by  socio-economic  characteristics,  and. 
distribution  of  demand  for  recreation  activity  by  travel  zone. 

The  methodology  used  was  as  follows.  Major  population  centers 
we.'o  identified  which  were  within  0 to  4+  hours  travel  distance  to  a 
specific  wastewater  management  area.  It  was  then  determined  which 
specific  travel  none  from  each  relevant  city  ccincided  with  the  area  in 
question.  The  number  of  recreation  days  attributable  to  each  travel  zone 
was,  calculated  for  each  city  and  then  the  ficiuies  for  the  s ines  coinciding 
v.’i'h  the  wastew-  t c*r  management  area  were  summed  to  .achieve  a total 
repre  .entin  : a rpseivoir  of  general  !xe.l  (i.e.,  non-  specific)  recreotioni  sts 
from  which  a recreation  facility  might  draw  users  ( it  figure  l1  C,-J). 
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Table  11-0-4 


ESTIMATED  RECREATION  POTENTIAL  1/ 


Selected  Site  No. 

Estimated  Annual  Recreation 
Potential  (million  visitor-da  vs) 

4 

281 

5 

109 

12 

112 

18 

254 

21 

105 

27 

121 

28 

109 

42 

266 

43 

- 

265 

NOTES: 

]_/  Represents  the  total  available  reservoir  of  recreation  irom  which 
a site  may  draw  its  recreation  use. 
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METHODOLOGY  FOR  ESTIMATING  POTENTIAL  RECREATION  DEMANDS 


1 


Historical  and  Potential  Archaeological  Sites 

Table  II-G-5  shows  a tabulation  of  historical  landmarks  identi- 
fied in  the  selected  : ites  and  indicates  the  archaeological  potential 
ol  each  site. 

_3_  • Public  Health 

Table  II-G-  1 indicates  potential  public  health  hazards  antici- 
pated for  each  of  the  nine  selected  sites.  The  following  paragraphs 
outline  currently  permi:  siblc  and  desirable  water  quality  standards 
and  general  environmental  controls  and  identify  some  specific  public 
health  hazards  and  suitable  control  measures. 

Wa  ter  Qn  ill  t y St  and  a rrf.. 

Minimum  Requirements.  Minitram  tequir.  merer  for  want' r 
quality  prior  ’o  application  public  contact  i:  ~pr>!e  be i: 

tion  is  unlikely  and  where  open  channel.-  and  :,.t>r  ..  i , t«.ci  ■ . ie 
us--]  aic  as  follows. 

1)  Bacteriological , For  secondai y c.-iiki’.  ti1 , ihc 
Median  MPN  should  not  exce  d 2 3 I1  ml  (k-  . 

71).  The  possibility  of  cot. top  i nal ion  of  was  s- 
water  with  disease  oi ganisms  should  b i . o qn.  .. 
The  presence  of  pathogenic  bantu  >.i  ■ and  vnu: 
must  be  suspected  and  appropriot<  r - e 
utilized  to  maintain  the  above  criterion. 

2)  Physical  Aerobic,  conditions  should  -mini ..in  i 
for  odor  control  and  wat>  should  be  jt  a.  t.ine  1 1 . 
free  irom  flea i able  materials  that  can  be  recog- 
nized as  bee.  ; of  sewage  otigin. 

Infiltration  Requirements  . Direct  injection  of  rc.oLu  • vi  v <■  (•  — 
walei  to  replenish  aquifeis  or  to  create  Ikwm  -i;  against  - H a.  r 
inti  us  ion  can  Ire  practiced  only  ..id  high  q di'y  .-ter,  K-  . 1 .i. 
wcstcwcn  a intended  icr  aquifer  < • cion:. dun. ,n>  tv;  t * i r}o  aM  ri- 
listed  level,  in  c, del’ll  on  to  r.eetin  , ih.;  mini  v ::  ie<j.d'  .uer.t:.: 

1)  l-.itrab’v  - not  ow.,  10. 0 mg/1 

31  Phoapdele.  - rr>.  ove.  1.0  mg/1 
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Table  II-G-5 


HISTORICAL  AND  POTENTIAL  ARCHAEOL* 


SITE 

• 

HISTORICAL  LANDMARKS 

4 

j 

None 

Lli 

un 

1 

Ei< 

ex 

5 

Stephens  adobe  - Rancho  Canada  de  Capay  - only  adobe  structure 

standing  in  Yolo  County 

. 

ex 

12 

Remains  of  Indian  villages  have  been  uncovered  at  various 

Sll 

water  holes  and  Indian  trails  can  still  be  traced 

18 

Church  of  Our  Lady  of  Loretto  (at  Nicasio) 

EX 

he 

21 

Church  of  Our  Lady  of  Mount  Carmel  (at  Asti) 

Es 

Part  of  the  adobe  house  of  Cyrus  Alexander  (built  1845-46) 
still  stands 

Rancho  San  Miguel  - burial  grounds  in  rolling  hills  near 

he 

Mark  West  Creek 

27 

None 

Fo 

no 

- 

- 

' 

28 

None 

Es 

sy 

42 

Stone  house  of  Dr.  John  Marsh,  located  near  Brentwood  - 

ts 

owned  by  Contra  Costa  County 

sy 

43 

None 

Es 

fir 

mr 

gr 



SOURCE: 


Corps  of  Engineers  letter  dated  June  5.  1972. 


Table  II-G-5 


,ND  POTENTIAL  ARCHAEOLOGICAL  SITES 




ARCHAEOLOGICAL  POTENTIAL 

Limited  to  low  foothills  on  site  periphery  - no  site  survey  has  been 
undertaken  and  no  future  plans  exist 

Idobe  structure 

Eight  feasible  archaeological  sites  have  been  Identified  but  not 
excavated  - excellent  potential  in  valleys  where  a drainage  system 
exists  or  existed 

: various 

Slight  - lack  of  surface  waters  indicates  that  finds  would  be  scattered 

Estimated  that  a site  exists  every  1/2  mile  along  any  drainage  system  - 
heavily  populated  by  Porno  Indians 

845-46) 

Estimated  that  a site  exists  every  1/2  mile  along  any  drainage  system  - 
heavily  populated  by  Porno  Indians 

1 near 

foothills  along  Monterey  Bay  and  Salinas  River  \alley  may  contain  sites  - 
no  surveys  have  been  conducted 

Estimated  that  sites  would  be  few,  scattered  and  located  near  drainage 
systems  - no  surveys  have  been  conducted 

wood  - 

Estimated  that  sites  would  be  few,  scattered  and  located  near  drainage 
systems  - no  surveys  have  been  conducted 

— — — i 

Estimated  to  be  probably  the  most  important  area  with  respect  to  archaeological 
finds  - sites  dating  to  3,000  years  old  have  been  excavated  between  Sacra- 
mento and  Stockton:  the  proximity  of  site  43  and  its  drainage  systems  indicates 
great  potential  - scattered  site  surveys  have  been  productive 
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3)  Sodium  Ratio  (Na/K  + No  * Mg)  not  over  5CX 

4)  Heavy  Metals  - not  over  0.  1 mg/l 

5)  Boron  - not  over  0.4  to  2.0  mg/l,  depending  on 

tolerance  of  sit>»  plant  life. 

6)  Pathogens  and  Viruses  ••  Median  Coliform  MPN 

of  2/100  ml 

7)  Floatables,  dissolved  organics  and  grease  should 
be  removed  ?<  prevent  plugging  of  aquifers  and 
subsequent  dv-cr  ..position. 

8)  Other  constituents  - should  meet  U.S.  Public 
Health  3'  ••  joe  Dunking  Water  Standards,  the 
American  Water  Works  A s s c ■nation  Potable  Water 
Quality  Qoe.H  and/or  the  Ft  vironru  ntel  Protection 
Agency  Rrc<  nm.ar.h  d q st:  d,lc  C:  it  ;>u  (see 
Table  11  • G-.  ' . 

The  California  :I  alth  and  Salt  ty  Code  (R  *f . 71)  estal  1 hes  additional 
standards  and  legulations  for  gi <vtn  iv.al  r r-  pk  j . i ■ ' ■ . :it  using  r-  cltu  \<  . 
vva:  tewatai . 

Veg«-t»ilivc  gui n'_  . V ••  r.  >ir-  .nia  Ad-  drn~tintiv-> 

Cod  (Refs . 72 , 73)  indieal  3 eta  11  3 tontrol  standard  for  the  use 

of  rod. timed  wastewater  fot  mi  anon  purpor ■ . General  guiJelit.c: 

.Hi  outlined  below  in  addition  to  k ohloi  d nut  ion , which  may  be  required 
poor  to  applications. 

1)  Reclaimed  wastewater  applied  by  spray  irrigation 
will  general!  • nc  -cl  to  me  • form  ordy  to  the  mini  - 
mum slander  . w'vi  u u c".  fodder,  filer,  seed 
crops  and  :ve  •<  • ^ ad  food  c. ops  such  as  the 
following: 
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Safflower, 

Vines  only  if  raisin  or  wino  grapes,  and 
Beans  only  if  dried  . 

2)  Reclaimed  wastewater  applied  by  spray  irrigation 
will  require  secondary  filaation  and  must  be  dis- 
infected to  a Median  MPN  of  2.2/1QC  ml  when 
used  on  the  following  crops: 

Pasture  used  ly  dairy  cows  or  goats, 

Fruit  tree  orchards, 

Truck  as.d  ns, 

Field  crops, 

Table  grape  vines,  and 
Green  beans . 

3)  Reclaimed  wastewater  applied  to  Redwood  or 
Monterey  pine  forests  by  spray  application  must 
conform  only  to  the  minimum  standards. 

Enviro nmeuini  Corfu l_s 

The  following  procedures  ■ houid  followed  in  the  manage- 
ment or  any  potential  wastewater  site; 

1)  Abandoned  well-;  should  be  sealed  and  capped  to 
prevent  unco;  'rolled  intsoductron  of  waste-.-. at«>r 
into  aquifers , 

2)  Corridors  should  be  provided  to  isolate  waat?-  . 

water  application  areas  from  communities , : lgh- 
ways,  railrce.d:. , natural  watercourse:  and 
recreation  a-co:  Corridors  should  be  at  least 

300  feet  in  width  and  no  more  than  600  feet  when 
prevailing  winds  may  carry  trusts,  dust  or  odors  . 

3)  Reclaimed  w;  t water  s could  be  sampled  and 
analyzed  daily  for. 

a)  settle  <ble  solids  , 
h)  col: lor:  Vv.ci.eri  i (MPN), 

c)  chlorine  residual , 

d)  gr  or  \ivy  metals  , 
a)  or  .u  -if  ortaminan!  p , 
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f)  turbidity  (where  spray  irrigation  of  non- 
processed  food  crops  and  dairy  animal 
use  of  pastures  occur),  and 

g)  nitrates  (where  rapid  infiltration  is 
used) . 


4) 

Groundwater  and  adjacent  water  courses  should  be 
monitored  to  detect  quality  level  changes. 

5) 

Insects  arid  animal  pests  should  be  monitored  to 
minimize  exposure  to  disease  vectors. 

6) 

Vegetative  covers  should  be  sampled  and  analyzed 
to  determine  toxic  substance  uptakes. 

7) 

General  surface  and  atmospheric  conditions  should 
be  monitored  for  odor  and  nuisance  control. 

8) 

Land  application  sites  should  be  dourly  marked 
to  notify  the  miblic  that  reclaimed  want  ter  is 

being  used.  Signing  should  be  graphic  and  con- 
spicuously pieced,  and 

9) 

Infiltration  fields,  reservoirs  and  both  sides  of 
open  caned  should  be  fenced.  Safety  ropes  and 
life  rings  should  be  provided  at  rood  crossings  or 
open  conveyance  canals. 

I lea  1th  Hue. arc! s an d Cont tols 

Pathogens 
resuitin j from  wa: 
micro-organism:  , 
conditions: 

. The  most  serious  potential  public  health  hazard 
stewater  application  is  the  presence  of  patho  .enic 
Potential  contamination  is  related  to  the  following 

1) 

Leaching  and  percolation  of  untreated  wastewaters 
into  ground v iter  and  surface  waters, 

2) 

Air-born  transport  by  winds, 

3) 

Direc  t hu  n.  contact,  and 

'i) 

Contai  : ' rough  harvested  crops. 
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Potential  conta ruination  can  bo  controlled  by: 

1)  Proper  management  of  secondary  treatment  proces- 
ses to  maximize  disinfection, 

2)  Additional  disinfection  of  secondary  treatment 
plant  effluents , 

3)  The  selective  utilization  of  soils  and  subsoils 
with  fine  filtering  (and  pathogen  removal)  capa- 
bilities , 

4)  The  isolation  of  wastewater  application  areas 
from  public  accessibility, 

5)  The  carefully  managed  use  of  hedgerows  and 

densely  covered  buffer  zones  to  provide  filtering  j 

root  systems  and  habitats  for  vector-preying 
animals,  and 

6)  Carefully  managed  application  systems  to  include 
the  timing  of  applications  to  minimize  contact 
opportunities  and  the  control  of  loading  and  rest- 
ing cycles  to  provide  maximum  soil  treatment 
efficiencies . 

Toxic  Sub:  franco 5- . The  uptake  of  heavy  metals  and  other 
potentially  toxic  substances  by  harvested  and  consumed  crops  and 
the  concentration  of  these  substances  in  the  leachate  constitute  a 
possible  public  health  hazard.  Occurrences  of  nearly  toxic  concen- 
trations of  heavy  metals  in  edible,  crops  have  leen  reported  but  are 
few.  Monitoring  of  potentially  dangerous  substances  in  crops  and 
recovered  waters  is,  however,  recommended.  Efforts  to  prevent  this 
potential  hazard  should  include: 

1)  Stringent  control  of  industrial  discharges, 

2)  Proper  management  of  secondary  treatment 
processes  to  maximize  TDS  ond  nitrogen 
removal:- , 

3)  Incorpo  ation  of  varied  selective  processes  such 
as  multi-cell  . •< 'ration,  high  lime  firatment, 
ammonia  sit  jj.  mg,  selective  ion  exchan  .<> , 
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aerobic-anaerobic  lagooning,  algae  lagooning  and 
reverse  osmosis  for  the  removal  of  specific  poten- 
tially toxic  substances. 


4)  Utilization  of  soils  and  subsoils  with  fine  filtering 
capabilities , and 

5)  Careful  wastewater  management  to  provide  harvesting 
of  vegetation  at  appropriate  times  and  to  maximize 
soil-treatment  removals  while  minimizing  uptake  of 
toxic  substances. 

Vectors . Disease-carrying  animals  and  insects  (vectors)  may 
be  encouraged  by  ponding  of  wastewater  and  certain  application  methods 
and  represent  a potential  public  health  hazard.  The  primary  vector  is 
the  mosquito  and  the  most  dangerous  associated  disease  is  valley  fever, 
a form  of  encephalitis  or  sleeping  sickness.  A second  important  vector- 
borne  disease  is  leptospirosis,  a Lacterial  infection  which  is  transmitted 
to  waters  by  vectors  attracted  to  grasses  and  other  low  vegetation.  A 
more  remote  vector-borne  disease  is  virulent  schistosomiasis,  carried  by 
paiticulai  species  of  water  snails  occurring  in  ponds  and  associated  with 
improperly  sloping  or  uncleaned  ditches. 

These  potential  health  hazards  can  be  prevented  by: 

1)  Attaining  adequate  pathogen  removal  as  previously 
outlined , 

2)  Minimizing  long-term  ponding, 

3)  Cleaning  and  good  management  of  open  waterways, 

4)  Cautious  introduction  of  vector- preying  animal  life 
such  as  mosquito-eating  fish  (Gambusia  affinis) , 
and 

5)  Careful  use  of  selected  insecticides  and  pesticides. 

4 - Site  Discus  signs 

The  completed  site  surveys  present  overviews  of  the  ccolonicn) 
systems  in  the  selected  sites.  Sufficient  date  ar  available  todtscrib  th 
general  environmental  effec  ts  of  wastevvaie-i  anj  lication  and  to  determin-  . 
relative  scope-  of  potential  environme  ntal  , rob'  ms  created  for  the  sites  . 
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An  environmental  assessment  of  the  selected  sites  is  given  in 
Volume  V. 


In  most  cases  detailed  information  on  the  life  cycle  and  species- 
habitat  interrelationships  of  dominant  species  in  an  area  is  necessary 
to  define  environmental  systems,  the  socio-economic  structures  of  pri- 
vate and  public  facilities  (particularly  in  the  Russian  River  and  coastal 
areas)  may  require  definition  for  a complete  evaluotion  of  recreational 
resources . 

Based  on  the  information  gathered,  the  nine  selected  wastewater 
application  sites  have  been  rated  in  terms  of  desirability  for  prep  rad 
use  and  in  regard  to  the  amount  01  work  required  to  perfoim  an  envi,  n- 
mental  assessment  according  to  current  federal  guidelines. 

The  rating  is  solely  for  fish,  wildlife  and  their  use  and  docs 
not  include  judgemental  values  related  to  other  potential  beneficial 
i re  judgement  war  influonceo  by  the  amount  of  technical  information 
a'-  ildblc,  the  present  quality  of  the  wildland  resource,  what  could  be 
< 'licved  with  management  of  the  proposed  project  to  enhance  wildland 
benefits,  and  the  sensitivity  of  on  aiea  in  relation  to  public  reaction  tc 
implementation  of  a wastewater  reuse  project.  The  latter  evaluation 
l.'  for  fish  and  wildlife  and  recreational  uses  only. 

Table  1I-G-7  lists  the  sites  in  estimated  order  of  priority  for 
the  proposed  use  and  identifies  concerns  and  subject  areas  that  need 
concentrated  study  in  estima’cd  order  of  priority  for  receiving  attention. 
None  of  the  sites  was  rated  as  undesirable  at  this  time;  however,  further 
study  may  show  that  at  least  some  sub-areas  are  altogether  undesirable 
for  use.  Initially  till  wastewater  application  sites  must  be  researched 
in  order  to  give  assurance  that  endangered  and  rare  species  are  being 
protected  in  accordance  with  federal  and  state  policies. 

Estimates  of  the  work  lequircd  to  truly  ascertain  the  acceptabi- 
lity of  sites  far  pr  posed  uses  car  be  based  on  evaluations  of  existing 
data  in  relation  to  the  concerns  identified  in  Table  II- Cl- 7 . l'or  example, 
Sites  *1  and  *5  3 have  been  into  isively  studied  by  the  Department  of  pish 
and  Game  while  Bro  42  has  o-eived  litt'e  attention.  Generally,  this 
difference  reflect.,  their  in;  stance  lor  fi.  h and  wildlife  uses.  Site  12 
ha:  minor  use  foi  fish  and  wildlitc  at  present,  but  may  potentially  be 
very  useful  if  water  is  brought  into  the  area.  Bites  4 and  13  need  wi- 
de .ih  study  m ccb.l  situations  as  noted  in  T,  blc  11-0-7,  while  site 
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42  may  need  a more  general  study,  overall.  Based  on  our  judgement, 
the  proposed  sites  would  require  environmental  assessment  studies  of 
magnitudes  corresponding  to  low,  moderate  and  intensive  levels  of 
effort  as  follows: 


Low 

Moderate 

Intensive 

12 

4 

18 

27 

5 

21 

42 

43 

28 

The  California  Department  of  Fish  and  Game  and  other  state 
agencies  are  now  compiling  data,  describing  environmental  relationships 
and  drawing  conclusions  relative  to  water  quality  management  as  part 
of  the  state-wide  basin  planning  effort.  It  is  assumed  that  a considerable 
amount  of  useful  information  will  jc  forthcoming  from  the  state’s  study. 
Their  reports  are  due  for  distribution  in  July  1972.  Reassessments  of 
the  need  for  extensive  data  collection  and  interpretation  programs  for 
each  of  the  proposed  wastewater  application  sites  may  be  made  after 
these  reports  become  available. 
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Table  II-G-7 


1 
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ADDITIONAL  ENVIRONMENTAL  STUDIES 


Sites 

5,  12,  27,  42 


43 


4 


21 


Topics  for  Investigation 

1)  Protection  and/or  enhancement  of  wildlife 
habitat  in  woodland  and  chaparral  areas. 

2)  Creation  of  water-oriented  recreational 
opportunities  with  public  access. 

V 

3)  Creation  or  enhancement  of  fish  and  wild- 
life habitat  on  agricultural  lands. 

1)  Protection  or  improvement  of  water  quality 
for  designated  beneficial  uses  in  sloughs 
and  channels  in  or  bordering  application 
sites . 

2)  Protection  or  enhancement  of  riparian,  marsh, 
and  channel  island  habitats. 

3)  Protection  of  wintering  grounds  used  by 
ducks,  geese  and  cranes. 

1)  Management  of  application  system  and 
operation  to  gain  optimum  benefit  for  main- 
tenance of  estuarine  marsh  land  for  wildlife. 

2)  Protection  or  improvement  of  water  quality 
in  slough!'  and  channels  for  designated 
beneficial  uses. 

1)  Changes  in  wildlife  and  aesthetic  values 
that  result  from  project  implementation  and 
the  effect  of  these  changes  on  the  surround- 
ing communities. 

2)  Protection  or  improvement  in  stieam  flow  and 
and  \.-.lcr  quality  for  salmcnid  fishes  in 
streams  tributary  to  tqe  Russian  River. 

3)  Protection  of  water  qualilv  in  Russian  River 

for  use  of  anadromous  fir ' . 
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18,  28 


1)  Because  of  existing  heavy  recreational  use, 
investigations  would  have  to  demonstrate 
that  a proposed  project  would  pose  no  un- 
acceptable adverse  impacts  to  these  uses. 

2)  Changer,  in  wildlife  and  aesthetic  values 
that  result  from  pioject  implementation  and 
the  effect  of  these  changes  on  existing 
recreational  uses  and  the  surrounding  com- 
munities. 

3)  Protection  or  improvement  in  stream  flow 
and  water  quality  in  coastal  streams  useful 
to  salmonid  fishes. 


G-  2 V 


Site  4 


Site  4 is  located  in  Suisun  Marsh  in  southern  Solano  County.  It 
encompasses  Hammond  Island  and  part  of  Grizzly  Island.  It  is  bounded 
by  Grizzly  Say,  Simmons  and  Wheeler  Island,  Honker  Bay  and  Montezuma 
Slou  ill.  Integrity  of  the  land  is  maintained  by  levees  and  tidal  gates. 

It  is  located  on  Grizzly  Island  Wildlife  Area  (State  of  California).  The 
wildlife  area  is  operated  as  both  a refuge,  providing  food  and  habitat 
for  many  species  of  animals,  and  as  a public  hunting  (waterfowl)  and 
iccie..  ion  area.  The  remainder  of  the  marsh  area  is  in  private  ownership 
for  use  as  duck  clubs  or  dual-purpose  agriculture-duck  clubs. 

The  Suisun  Marsh  (54 , 500  acres) , which  includes  Site  4 (11,  300 
acres),  constitutes  about  I 0 W of  the  remaining  natural  wetlands  in  Cali- 
fornia and  thus  is  an  important  wintering  area  in  the  Pacific  Flyway. 
Waterfowl  populations  are  estimated  to  include  500,000  to  750,000 
ducks  during  the  peak  mid-winter  period.  The  Suisun  Marsh  is  a parti- 
cularly critical  habitat  during  diy  years  when  some  other  marsh  areas 
are  dry  or  of  poor  quality.  The  permanence  and  stability  of  Suisun  Marsh 
arc  derived  from  its  particular  location  in  the  Delta.  The  Suisun  Marshes 
are  designated  as  Class  1 premium  scenic,  fishery,  wildlife  and  recrea- 
tion waterways  by  the  California  Protected  Waterways  Plan. 

Vegetation.  One  hundred  and  seventy- seven  plant  species  were 
identified  for  the  Suisun  Marsh  (Ref.  56).  Most  of  these  species  arc 
found  in  low  numbers  and  confined  to  levees  or  high  ground  not  normally 
flooded.  Fifteen  species  were  identified  as  covering  at  least  1%  of  the 
total  marsh  area.  These  species  are  shown  below: 


Species 

Salt  grass  (Distichlis  spicata) 
Pickleweed  (Sahcornia  virginica) 

Aik  Mi  bulrush  ( ciipus  robustus) 

Tub'  (S . acutus) 

Cattail  (I'/pha  nnuuslifolia) 

Brass  buttons  (Cotul.  coronopi folia) 
Fat-hen  (Atriplex  putul  ) 

Baltic  rush  (Juncus  babiens) 

Cultivated  barley  (Horoeum  vulgarc) 
Olncy  bulrush  (Scirpus  olneyi) 

Beard  gras  (Folypo  (on  monospoliensis) 
Cultivated  oats  (Aveno  saliva) 

Italian  ryegrass  (lobum  irmitiforum) 
Dock  (Rumcx  :;p.) 

Wih.  ludish  (Raphanus  sativur' 


Approximate  Percentage 

Covered 

26  * 

19 

6 

5 

5 

4 

4 

4 

2 

2 

2 

2 

1 

1 

1 
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The  species  listed  are  of  particular  significance  in  relation  to 
the  wintering  duck  population.  Plants  selected  for  food  by  ducks  were 
alkali  bulrush,  of  prime  importance;  brass  buttons,  secondary  in  use 
and  selection;  pickleweed,  third  in  overall  use;  and  fat-hen,  wiregrass, 
dock,  wild  radish,  silver- sheated  knotwced  (Polygonum  argyrocoleon)  , 
willow  weed  (Polygonum  lapathifoliurr.)  , tules  and  cultivated  barley, 
which  were  all  selected  and  used  by  waterfowl. 

The  distribution  and  abundance  of  the  various  plant  species  are 
dependent  on  several  factors  including  length  of  time  of  soil  submergence, 
depth  of  submergence,  amounts  of  soil  moisture  and  salt,  soil  organic 
matter,  and  marsh  salinity.  Of  these  factors,  the  one  which  has  the 
greatest  influence  on  the  distribution  of  plants  is  the  length  of  time  of 
soil  submergence.  A secondary  factor  to  the  selection  of  plant  species 
by  their  tolerance  for  submergence  is  the  tolerance  of  concentration  of 
sal’s  in  the  root  zone.  Tolerance  to  submergence  separates  the  major 
marsh  plants  into  two  groups:  1)  plants  which  can  tolerate  longer  sub- 
mergence such  as  alkali  bulrush,  narrow  leaf  cattail,  pickleweed  and 
brass  buttons  which  are  found  in  the  lower  areas,  and  2)  plants  such  as 
Baltic  rush,  salt  grass  and  fat-hen  which  are  not  as  submergence  tolerant 
and  thus  are  found  on  higher  marsh  areas. 

A secondary  factor  in  determining  plant  distribution  is  the  soil 
salt  concentration,  particularly  the  soil  salt  concentration  reached 
during  the  spring  and  early  summer  when  the  plants  are  actively  growing 
and  setting  seed.  Tor  alkali  bulrush,  the  most  important  waterfowl  food 
crops  (seeds  arc  eaten),  salt  concentrations  of  less  than  7,000  mg/1 
allow  the  species  to  be  outcompeted  by  other  species,  while  concentra- 
tions above  24,000  mg/1  inhibit  seed  formation.  For  good  seed  production, 
approximately  9,000  mg/1  of  total  dissolved  solids  is  preferred.  Accep- 
table levels  can  be  achieved  if  marsh  soils  remain  submerged  until  mid- 
Junc  from  flooding  during  the  previous  fall.  Submergence  of  the  soil 
also  prevents  the  regrowth  of  pickleweed,  a major  space  competitor, 
until  after  alkali  bulrush  is  established. 

One  pla  it  species  was  identified  as  a rare  or  endangered  species 
in  Site  4 : 

Species  Local  Habitat 

(Cirsium  hydrophilum)  Brackish  marshes  about 

var.  (hydrophilum)  Suisun  Marsh 

Fisheries . Striped  bass  and  sturgeon  are  found  in  the  bays  adja- 
cent to  Site  4.  Angler  i.ifoi  mn ' ion  for  striped  bass  indicated  1,000,000 
tmnler-day  use  of  'he  l ays  and  ocean  with  a yield  oi  .3  fish/anqlei- 
day,  Mnjr  ilion  routes  of  salmon  and  stock  ead  aie  through 
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the  bays  and  channels  adjacent  to  the  site.  A warmwater  fishery  is 
found  in  the  Montezuma  Slough  and  other  areas  of  fresh  water.  A 
partial  list  of  warmwater  fish  may  be  found  in  Table  II-G-3.  Suisun 
Bay  has  a saltwater  fishery. 

The  California  Protected  Waterways  Plan  classifies  Suisun  Marsh 
as  Class  I striped  bass  waters  and  Class  I sturgeon  waters.  The  plan 
also  recognizer,  Suisun  Bay  as  a Class  1 striped  bass  fishery. 

Wildlife . Suisun  Marsh  is  a valuable  wetlands  habitat.  The 
number  of  private  duck  clubs  and  the  presence  of  a state  waterfowl  area 
attest  to  the  abundance  of  wintering  waterfowl  in  this  area.  The  adjacent 
bay  habitat  is  also  important  as  a feeding  area  for  diving  ducks  and  as 
a resting  area  foi  dabblers.  Solano  County  ranks  in  the  top  10  counties 
in  California  in  hunter  bag  for  ducks  and  geese. 

The  largest  population  of  a single  sport  species  in  Suisun  Marsh 
is  pintail  (duck).  American  widgeon,  mallard,  shoveler,  and  green- 
winged  teal  are  also  abundant  during  the  wintering  period.  Thi  C<  li  mi< 
Protected  Waterways  Plan  rates  Suisun  Marsh  as  a Class  I inland  m rsh 
and  wetland. 

The  Suisun  Marsh  and  adjacent  bay  areas  arc  very  iny  -irtant 
shorebird,  waterfowl  and  marsh  mammal  hal  • Ac  a.  ; •< 

birds  and  mammals,  except  bats,  i:  given  in  Fable  II-G  . : • . re 

are  also  numerous  in  the  marsh  areas,  particularly  muskt  it  .1  : r. 

Muskrat  are  taken  commercially.  The  California  rare  am.  en  : ,erec 
species  list  includes  one  species  which  is  found  with  Site  •!: 

Species  Status 

(Reithrodontomys  ravijventris)  Endangered 

Salt  marsh  harvest  mouse 

The  salt  marsh  harvest  mouse  is  an  inhabitant  of  brackish  and 
salt  marshes.  Much  of  its  original  habitat  has  been  lost  to  Lay  filling 
and  diking  projects.  This  mouse  is  unusual  in  that  is  can  use  salt 
water  us  drinking  water. 

Solano  County  indicates  that  Suisun  Marsh  and  Monte  urna , 

Suisun  and  Cordelia  Sloughs  should  he  considered  1 1 the  Califorria  Pro- 
tected Waterways  Plan. 
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SUISUN  MARSH  FAUNA  1 


BIRDS 


Resident  - 49  .pecies 

Pied-!  lllcd  jrebe  (low  summer  populations)  2.' 

Grea*:  blue  heron 
Common  egre-t 
Snowy  egret 

Black-crowned  night  !;eron 
American  bittern 
Mallard 

Cinnamon  teal  (n  dioable  reduction  m winter  birds)  2/ 

Pintail 

Gadwa ! 1 

Shovoloi 

Ruddy  duck  2/ 

'Fur key  vulture 
V.'iiii t -taikd  kite 
Red-t  . 1 1 ;1  1)  •. 

('olden  i i d*  (ic-j  ly  transient  - year  round) 

M.irh  h . wk 
Ki"  tie) 

V W ■ ■ :n:  i ntMjduoi >d  recently) 

Virniina  rail 

Son  nil 

Black  tail 

( ' unrr . >n  gallinule 

Coot 

Kill  leer 

A : (much  reduced  in  winter  and  irregular)  2/ 

M Miming  dove 
Barn  ov. ! 

Cri  a -hi.  rred  owl 
Burrowing  owl 
Short  eared  owl  2/ 

Ann  •’  !l  'iimu  : .bird  (no  d ly  classed  as  migrant  or  vagrant) 
Belted  'nn  fed. or  (v.r  *ei  vi:  'tor,  possibly  migrant)  2/ 

Black  phoebo 
Homed  1 rk 
Rave. 


Bushtit 

Long- billed  marsh  wren 
Mockingbird 
Loggerhead  shrike 
Yellov.’throat 
Western  meadowlark 
Redwinged  blackbird 
Brewer's  blackbird 
House  finch 
American  goldfinch 
Rufous- sided  towhee 
Savannah  sparrow 
Song  sparrow 

Summer  Visitor  - 7 species 
Black-necked  stilt 

Allen's  hummingbird  (possibly  resident)  2/ 

Western  kingbird 

Barn  swallow 

Cliff  swallow 

Brown-headed  cowbird 

House  wren  (seen  in  late  July  at  Joice) 

Winter  Visitor  - 63  species 

Common  loon  (very  sporadic)  2/ 

Horned  grebe  (occasional  only)  2/ 

Eared  grebe 

Western  grebe  (occasional  only)  2/ 

White  pelican  (possibly  classed  as  a migrant) 

Double-creste  • cormorant  (occasionally  seen  in  summer) 

Whistling  swan 

Canada  goose 

White-fronted  goose 

Ross'  goose 

Lesser  snow  qoo.se 

Green- winged  teal 

Bald pate 

Wood  duck 

Canva shack 

Redhead 

Ring-necked  duck 
Greater  scaup 
Lesser  scaup 
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Common  goldeneye 
Bufflehead 
Surf  scoter 
Hooded  merganser  2/ 

Common  merganser  2/ 

Red-breasted  merganser 
Cooper's  hawk 

Sharp-shinned  hawk  (infrequent) 

Rough-legged  hawk 
Ferruginous  hawk  (infrequent)  2/ 

Peregrine  falcon  (infrequent)  2/ 

Pigeon  hawk  (infrequent)  2/ 

Yellow  rail  2/ 

Long-billed  curlew 
Greater  yellowlegs 

Long-billed  dowiteher  (possible  migrant) 

Common  snipe  (possible  resident)  2/ 

Western  sandpiper  (possibly  migrant) 

Least  sandpiper 
Dunlin 

Ring-billed  gull 
Mew  gull 
Herring  gull 
California  gull 
Claucous  gull 

Bonaparte's  gull  (strays  noted  in  summer) 

Yellow-shafted  flicker 
Red-shafted  flicker 
Say' s phoebe 
Tree  swallow 

Bewick's  wren  (status  undefined,  has  only  been  observed 
in  winter) 

Robin 

Hermit  thrush 
Ruby-crowned  kinglet 
Water  pipit 
Cedar  wax  wing 
Northern  shrike 
Audubon's  warbler 
Tricolorcd  blackbird  2/ 

Oregon  junco 
White-crowned  sparrow 
Golden- crowned  spairow 
Lincoln’s  sparrow 


Migrant  - 33  species 

Blue-winged  teal 

Western  wood  pewee 

European  widgeon 

Varied  thrush 

Swainson's  hawk 

Swainson't  thrush 

Black-bellied  plover 

Orange-crowned  warbler 

Semipalmated  plover 

Nashville  warbler 

Whimbrel 

Yellow  warbler 

Marbled  godwit 

Myrtle  warbler 

Lesser  yellowlegs 

Townsend’s  warbler 

Spotted  sandpiper 

Hermit  warbler 

Willet  (seen  in  late  July) 

MacGillivray' s warbler 

Pectoral  sandpiper 

Wilson's  warbler 

Wilson's  phelarope 

Yellow-head  blackbird 

Northern  phdlarope 

Western  tanager 

Rufous  hummingbird 

Black-headed  grosbeak 

Traill's  flycatcher 
Western  Flycatcher 

Vagrants  - 12  species 

Blue  grosbeak 

Vesper  sparrow 
Fox  sparrow 

Red- shouldered  hawk 

Summer  tanager 

Caspian  tern 

Lesser  goldfinch 

Long-  eared  owl 

Grasshopper  sparrow 

Crow 

Purple  martin 

Rock  wren 

Sage  thrasher 

Prairie  falcon 
(sporadic  winter  visitor) 

White-faced  glossy  ibis 

MAMMALS  3/ 

Broad-handed  mole 

Beaver 

Suisun  shrew 

Red-bellied  harvest  mouse 

Ornate  shrew 

California  meadow  mouse 

Racoon 

Muskrat 

Long -tailed  weasel 

Norway  rat 

Mink 

blouse  mouse 

River  otter 

Black-toilcd  hare 

Striped  skunk 

Audubon  cottontail 

House  cat 

Gray  fox  (rare) 

Becchey  ground  squirrel 

Badger 

Botta  pocket  gopher 

Black -toiled  deer  (l  are- has 
been  seen  twice  on  island 

NOTES: 

1/  Compiled  by  Rolf  E . Mall,  California  Dept,  of  Fish  A 
2/  Status  uncertain 

3/  This  list  does  not  include  bats;  .here  are  10  possible 
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RecrejVi on . There  ere  extremely  good  striped  bass,  salmon  and 
steelhend  f:  .hcries  surrounding  the  site.  Some  of  the  best  duck  hunting 
in  the  state  occurs  in  the  region  on  and  about  the  area.  Grizzly  Island 
Wildlife  Areais  one  of  the  majoi  public  hunting  areas  in  the  state.  The 
outlying  areas  are  in  use  by  private  hunting  interests.  The  area  is 
exce  llent  for  wildlife  observation  due  to  the  abundance  of  non-game  as 
well  as  game  species.  Roth  power  cruising  and  soiling  are  important 
recreation  activities  in  tire  area.  The  actual  recreation  demand  in  1969 
was  about  44,000  user-days. 

Special  Considerations.  The  outlook  for  the  future  of  Suisun 
Marsh  will  be  greatly  affected  by  salinity  changes.  Reduced  outflow 
to  the  estuary  will  increase  the  salinity  of  the  Water  surrounding  the 
marsh.  Predictions  indicate  that  polyhaline  waters  of  18,000  mg/1 
will  move  upstream  as  far  as  Honker  Day.  This  means  that  for  a long 
period  each  year  over  759c  of  the  marsh  will  be  influenced  by  salinity 
levels  similar  to  concentrations  occurring  now  only  for  a short  period 
of  time  on  the  western  edge  of  the  marsh. 

Flooding  of  marsh  lands  with  water  of  increased  salinity  will 
raise  the  soil  salinity  level.  A soil  salinity  greater  than  20,000  mg/1 
during  the  winter  flooding  period  would  mean  that  i icklev.'ced  would 
flourish  to  the  detriment  of  : lkuii  bulrush  and  other  species  selected 
by  waterfowl  for  food.  Mall  (Ref.  60)  states,  "Unless  alternative 
water  supplies  can  he  developed  and  supplied  to  the  marsh  system  and 
intensive  marsh  management  practices  are  undertaken,  in  the  future  only 
the  unimportant  or  nonselected  foods  will  be  available  to  waterfowl." 

It  is  predictable  that  the  waterfowl  populations  wintering  at:  the  marsh 
would  decline  in  number  with  the  decline  of  good  feed  sources.  As  the 
availability  of  wetlands  in  California  is  expected  to  decrease,  the  loss 
of  any  marsh  lend  habitat  would  be  serious. 

This  area  provides  an  opportunity  for  the  beneficial  use  of 
treated  wastewater.  The  diluation  of  the  encroaching  salinity  would 
maintain  or  perhaps  enhance  critical  marsh  vegetation  such  as  alkali 
bulrush.  A specific  water  use  schedule  would  be  required  for  managed 
marsh  lands.  Coordination  of  a constant  treated  wastewater  application 
with  an  intermittent  flooding  during  the  fall  of  the  year  should  be  con- 
sidered. The  level  of  treatment  of  the  wastewater  would  also  bo  a 
necessary  consideration . 

California  l’isn  and  Game  biologists,  as  well  as  many  other 
ngencier  at.u  groups,  actively  promote  the  creation,  maintenance  and 
enhancement  of  wetlanas  habitat  for  fish  and  wildlife.  Present  bay 
in.  i si.  lands  offer  . n excellent  nppoitunit,  for  the  beneficial  use  of 


tieiited  wastewater.  The  expected  effects  of  such  water  on  marsh  ecology 
and  on  recreational  use  should  be  investigated  and  carefully  evaluated  in 
reference  to  a system  of  application.  In  addition,  the  effects  of  waste- 
water  application  on  water  quality  in  the  area  from  Antioch  to  San  Pablo 
Bay  would  need  investigation . 
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Site  5 


b 
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This  site  consists  of  two  distinct  parts.  The  Capay  Valley 
with  Cache  Creek  flowing  through  it  forms  the  western  portion  of  the 
area.  This  area  is  in  the  inner  coast  range  mountains.  The  second 
portion  of  Area  5 is  in  the  Sacramento  Valley  and  is  bounded  by  the 
Capov  Valley,  Colusa  Basin  Drainage  Canal,  Cross  Canal,  Natomas 
bast  Main  Drain,  and,  with  the  exception  of  the  Woodland  area  which 
is  excluded,  California  Highway  16.  Elevations  range  from  30  feet  .in 
the  American  basin  east  of  the  Sacramento  River  and  Yolo  Bypass  to 
3,057  feet  at  Berryessa  Peak  and  Blue  Ridge. 

Vegetation . The  lower  elevations  of  Capay  Valley  are  agricul- 
tural areas,  predominantly  orchards.  The  slopes  of  the  valley  are  map- 
ped as  hardwood  cover  type  and  arc  specifically  oak  grasslands.  Blue 
Ridge  is  a woodland-chaparral  habitat  (oaks  and  chaparral  brush).  The 
Dura  igan  hills  and  Sacramento  Valley  land?  which  comprise  the  rest 
of  Site  5 are  under  cultivation  or  ate  in  pasture.  Predominant  crops 
incJu  :c  rice,  tomatoes,  alfalfa,  sugar  beets,  and  tree  fruits  and  nuts. 
Rare,  endangered  and  possible  extinct  plants  whose  distributions 
include  Site  5 are: 


Species 

local  f 'obi fat 

Plant  Community 

(Fntillaria  pluriflora) 

Adobe  soil  of 

Foothill  woodland 

Adobe  lily 

interior  foothills 
below  1 , 500  feet 

(Hespcrolinon  breweri) 

Inner  coast  range 
grassy  or  brush 

Foothill  woodland 

slopes,  partly 
shaded  at  least 
partly  on  serpentine 

Chapairal 

(Cordylanthus  palmatus)  Alkaline  overflow  Valley  grasslands 

lands 


Fir  heme ■ . The  Sacramento  River  and  Cache  Creek  are  the  two 
major  strea  , l.icl  tded  in  thin  site.  ne  main  stem  of  the  bacramento 
River  is  the  mi  la'ion  route  for  king  salmon  and  steelhead.  It  is  esti  - 
mated that  3u0,  upf)  king  salmon  'pnvi-ors  travel  the  Sacramento  R'vr.r 
with  ,i  yield  of  . 10  fish/angier-duy . Ten  thousand  steelhead  spawn  in 
• main  stem  of  r So  era  me  ••.o  River  with  . yield  to  fishermen  of  .31 
a i .gioi-dny.  f tnped  bur-  ,nd  a warinwatcr  fist. cry  tie  also  found 
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in  the  main  stem  of  the  river.  The  California  Protected  Waterways  Plan 
classifies  the  Sacramento  River  as  a Class  I salmon,  steelhead,  striped 
bass,  American  shad  and  warmwater  fisheries  waters.  Large  and  small - 
moil'll  bass  are  founci  in  Cache  Creek  in  the  Capay  Valley,  which  is 
classified  as  having  a Class  II  warmwater  fishery. 

Wildlife . The  inner  coast  range  in  Site  5 is  a "medium  grade" 
deer  range  with  densities  of  10-30/square  mile.  The  Capay  Valley  is 
a problem  area  for  deer  depredation  on  crops  and  orchard  lands.  The 
rice  lands  are  prime  pheasant  areas  and  densities  range  from  10-50/100 
acres.  The  Capay  Valley  supports  abundant  populations  of  quail,  dove 
and  rabbits.  During  the  winter  ducks  and  geese  feed  on  the  Sacramento 
Valley  farmlands.  The  Yolo  Bypass  is  a concentration  point  for  wintering 
waterfowl,  especially  after  flooding  occurs.  The  flooded  Yolo  Bypass 
and  other  flooded  areas  provide  habitats  for  shorebirds.  Tuie  elk  range 
in  the  area  adjacent  to  the  northwest  boundary  of  Site  5 in  the  l iskc  Creek 
area.  The  oak-gra  s>slands  of  Capay  Valley  are  areas  of  abundant  song- 
birds. 

The  California  Protected  Waterways  Plan  designated  the  Sacra- 
mento Rive;  Basin  as  a Class  I riparian  area  in  its  extraordinary  wild- 
life waterways  evaluation.  The  Yolo  Bypass  was  classified  as  a Class 
II  marsh.  No  rave  or  endangered  animal  species  are  identified  by  the 
State  of  California  as  inhabiting  Site  5. 

Recreation . Fishing  species  include  salmon,  shod,  striped  bass 
and  steelhead,  and  an  extremely  good  warmwater  fishery  (bass,  catfish, 
crappie,  etc.)  is  located  in  the  site.  Gome  includes  ducks,  geese, 
pheasants,  deer,  quail,  rabbits  and  doves.  Additional  activities  in- 
clude camping,  hiking,  horseback  riding,  picnicking,  swimming  and 
sightseeing.  The  Yolo  Bypass  offers  an  extremely  good  opportunity  to 
provide  a wildlife  observation  as  well  as  hunting  area  due  to  the  pre- 
ponderance of  shore  and  marsh  land  wildfowl  and  other  wildlife.  Actual 
recreational  use  is  undetermined  although  it  is  heavy  along  the  water- 
ways and  in  Yolo  Bypass. 

Special  Considerations. . The  we st  side  of  the  Sacramento  Valley 
in  the  vicinity  ot  C .pay  Volley  is  dry  and  much  land  is  irrigated  to  pro- 
duce subst'  ul’.d  crop  yields.  Additional  watei  to  these  areas  could  lie 
beneficial  t*>  u n lculture  and  wild  land  features..  Selective  use  of  waste- 
water could  i e made  to  flood  agricultural  lands  in  the  fall  to  attract 
duck  . nd  geese.  Tiske  Creek  is  an  intermittent  stream  just  west  of 
f ile  . Both  the  Bureau  of  Land  Management  and  rhe  Department  of 
Pish  end  (,  line  nr.  roopoi  uinq  lo  improve  wildlife  habitat  in  the  fiske 
Creek  urea.  A ' h'ional  \v..!..;rs  to  the  .tea  would  be  beneficial.  The 
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th  and  frequency  of  wastewater  application  should  be  investigated 

i.  ( ■'.■alu  ted  for  impacts  on  fish  and  wildlife. 


Cache  Creek  (Clear  Lake  to  the  town  of  Capay)  has  been  clas- 
sified by  the  California  Protected  Waterways  Plan  as  a Class  II  scenic, 
fishery,  wildlife  and  recreational  waterway.  This  creek  should  be 
investigated  more  fully  to  define  its  true  value  and  its  potential  for 
enhancement  of  this  value. 


I 
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Site  12 


Site  12  is  located  in  southwestern  Merced  County  and  north- 
western Fresno  County.  The  Merced  County  portion  is  bounded  by  the 
D i'a-Mond-tu  Canal,  Los  Banos  Creek  Reservoir,  Ortigalita  Peak, 
and  Oi  tig  dita  Ridge.  The  Fresno  portion  is  bounded  by  the  Dclta- 
Mendota  Canal,  Panoche  Creel:  and  approximately  the  500-foot 
cl  vation  ntour.  Elevations  range  from  150  feel  near  the  San  Joaquin 
River  near  Mcndotu  to  3,305  feet  at  Ortigalita  Peak.  The  Merced 
County  portion  of  the  area  is  in  the  dry  grassland  hills  of  the  Ortigalita 
urea.  The  eastern  edge  of  the  Merced  County  poition  and  all  of  the 
Fresno  County  portion  of  the  area  arc  in  the  agriculture  flatlands  of 
the  San  Joaquin  Valley.  Orchards  of  fruit  and  nut  treces,  pasture  land, 
and  lick!  crops  of  cotton,  tomatoes,  sugar  beets,  melon,  etc.  , are 
found  in  this  area. 

Vegetation . Most  of  the  ) ind  in  the  Fresno  portion  of  Site  12 
is  classified  is  agricultural.  There  are,  however,  uassland  areas 
used  lor  p s' ut  • and  alkali  areas  not  presently  stntabl.  for  agriculture 
win.  ! support  native  vegetation,  •jhe  vegetation  of  'he  Merced  portion 
of  the  wastewatet  management  area  > for  the  most  pe.  t grasses  ur.d 
i i : Iry , r<  ky  hills . At  h g . r . levations  tin  c >v<  r type-  is 

desert . ed  . southern  desert  siitub  and  , inyon-tunipc  . which  is 
1 : ' h<  rynest  ft  1 al  o i t . Rare , end  n g or  e d anti 

l t plant  f this  area  art  listed  in  Table  1I-G-9. 

Fish/  t j es . The  T.os  Panes  Crook  Reservoir,  Tie  Del ta -M ondota 
; 1 ■ ' ' ‘ ■ ’ ■ ••  have  wan  ,va tei  fisheries . The 

C iliLnn:  P:ot  *cted  .Vatcrways  PI  at  Tar  . ifies  the  California  Aqueduct 
and  Delta-Mono  'a  Canal  as  Class  111  •.•;  irmwater  streams  and  Los 
Bano  '•  ; ir  ar  a Class  it  w ■ i mw  it  • esc. voir . Tht ise 

waterways  ..to  intensively  used  ny  local  tnd  othei  county  residents 
fot  fishing  sites. 

Wildiife.  Deer  occur  in  the  hills  on  the  west  side  of  the  San 
Joaquin  Valley  in  densities  o'  approximately  2l'/squ  ne  miles  in  the 
woodl.ittd-chapaii.T  and  sal  brush  . u :kv.  iieat  habit. a types.  The 
w. .stride  hills  are  > xct  licit  upland  g : • n < • habitats  end  support  popula- 
tions of  dove  s , ’..  naubbits  , eo't.  nt.uk  , brush  rubai's,  pigeons, 
chukar  arm  • '•  liforti'.i  valley  qu  al.  Cuajl  are  found  in  densities  of 
1U-  100/100  acres  in  low<  i elevation  wile  lands  md  d nratics  of 
10/100  -ere.;  in  crop  lands. . The  sallbrush-buckwhe at  habitat  type 
supports  den*;!,  ic,  up  to  100/]  50  'ere  . Phe a:  tuts  are  confined  to 
aqrm  tltura!  are-  with  th.  Inat  h ibit-t  band  j.u  noo,  cotton  and  sug  tr 
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Table  II-G-9 


RARE  , ENDANGERED  AND  POSSIBLY  EXTINCT  PLANTS 

OF  SITE  12 


Species 

Local  Habitat 

Plant  Community 

Merced  County 

Parvisedum  petandrum 

Rocky  places,  often 

Openings  in  foothill 

on  serpentine 

woodland 

Neostapfia  colusana 

800-2500  feet 
Inner  coast  range 
About  vernal  rain 

Valley  grassland 

Orcuttia  californica 

pool  s 

Drying  mudflats 

Valley  grassland 

O.  californica  var. 

— 

Valley  grassland 

inaequalis 

O.  greenei 

Moist  open  places 

Valley  grassland 

O.  pilosa 

Vernal  pools 

Moriardella  leucocophala 

Sandy  places 

Valley  grassland 

Cordylanthus  pdmatus 

Alkaline  soil 

Valley  grassland 

C.  hispidus 

Alkaline  places 

Valley  grassland 

Fresno  County 

Amsinckia  vernicosa  var. 

West  side  San 

Valley  grassland 

furcata 

Joaquin  Valley 

Atriplex  vallieola 

Dried  rainpools  and 

Valley  grassland 

Lupinus  honzontnlis 

flats 

Dry  slopes  below 

Valley  grassland 

var.  horizontalis 

2000  feet 

Erigonum  deserticola 

Inner  southern  coast 
range 

No  local  data 

F.  teinblorense 

No  data 

Orcuttia  greenei 

Moist  open  places 

Valley  grassland 

O.  californica 

Drying  mudflats 

Valley  grassland 

O.  californica  var. 

Valley  grassland 

inacqualis 

Cordylanthus  palmatus 

Alkaline  soil 

Valley  grassland 
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t'l  rt  crops.  Densities  au-  usually  near  bO/lOO  acres  but  can  be  as 
high  as  100  1 0 • s.  Ducks  and  geese  from  adjacent  marsh  lands 

(e  st  of  the  site)  fe  1 in  agric  iltural  lands  within  the  area. 

Marsii  areas  eas’  of  the  site  draw  many  shorebirds.  Muskrats 
are  common  nlin<  1 agricultui  il  canals.  Furbearers  are  c uiunon  in 
the  uph  nd  a <mc  ha:  itats.  Anin  > 1 s designated  ns  rare-  or  endangered 
by  the  St  at-  of  C lifrrniu  whose  distributions  included  Site  12  are: 


Status 


(Thamnophis  couchi  gigas)  Rare 

giant  garter  snake 

(Crotaphytus  wislizenii  sil  :s)  Endangered 

blunt-nosed  leopard  lizard 

(Vulpes  macrotis  mutica)  Rare 

San  Joaquin  kit  fox 

The  giant  garter  snake  is  c<  nfined  to  areas  around  permanent 
fresh  water.  Its  h ■ ’tat  has  been  bronaili  d by  filling  of  sloughs 
and  Ir ai n i ng  I ai  s . Fh  b 1 n t 1 . < < • i i z a r d i nl  bit: 

dry,  " . . . sparsely  vegetative  plains , alkali  flats,  low  foothills, 
grasslands,  can/on  floors,  large  washes  and  urrvyos"  (Crossroads, 

195  i . • jing  1 1 t igriculture , the  natural  habitat  1 

been  greatly  diminished  for  this  species.  The  ban  Joaquin  kit  fox  is 
font  . in  dt v f native  vegetation  a 1 w llh  kangai  > ral  . 

Diminished  napd  is  >f  this  species  are  rel  it< d to  die  imp  >ri  of  wato; 
t irrigation  an  nversion  f native  vegetation  to  agriculture. 

Reci  eat ‘on . There  is  a fairly  large  warmwater  fishery  in  the 
area.  The  best  hunting  potential  involves  the  uj  land  species  including 
quail , rabbits,  doves,  pheasant::  and  ehukai  . Decks  also  feed  in  the 
ear  tern  portion  of  hie  area. 

Other  activities  in  the  site  include  camping,  picnicking, 
boating,  swimming  and  h’kmg . The  area  is  generally  deficient  in 
water-  r>  ion  tod  k creation. 

Special  C msics  : ci  in  ;.  The  agricultural  »r *'*.  s COuK.  vice. Ki- 
rn rdati  iditional  water , particularly  in  th<  trier  u torn  areas . Tin 
Ortigdi  a area  r;  e!  i r stably  support  a (Efferent  vegetative  cover 
a i th  th<  iddili  1 .ate. . Ho  ,v<  ver , add  i h.  w iter  < i Id  of  feel 
■he  pre.  a • 1\  tibu’.id  ait  upland  ya  ge  cond'  . This  effect  would 
ha  •»  to  eg  aluat  ta  hi  i hi  i,.  r,  ! r,  . • c ; ■ is  it.  man  agenu  lit  plan 


Site  18 


Site  18  is  located  in  Marir.  and  Sonoma  Counties.  The  western 
boundary  of  the  area  is  the  Pacific  Ocean,  except  in  the  Tomales-Point 
Reyes  and  Bodega  land  areas.  The  Russian  River  forms  the  northern 
boundary  and  Nicasio  and  Gallinas  Valley  the  approximate  southern 
boundary.  The  eastern  boundary  is  defined  by  Green  Valley  Creek  in 
the  north  and  watershed  boundaries  in  the  middle  and  southern  reaches 
(west  of  Petaluma  and  Novato),  novations  vary  from  sea  level  to 
1,887  feet  at  Rig  Rock  Ridge.  Topography  and  habitats  in  this 
extensive  area  range  from  sand  dunes  to  salt  marshes  and  from  red- 
wood forests  to  salmon  streams.  The  coastal  and  forested  areas 
provide  convenient  recreation  areas  to  the  Bay  Area  communities.  The 
Russian  River  has  for  many  years  been  a widely  used  recreation  area. 
Agriculture  is  a major  pursuit  in  the  area.  Orchard  crops,  particularly 
apples,  and  dairies  with  their  pasture  lands  are  extensive  in  Site  18. 
The  California  Protected  Waterways  Plan  designates  the  Russian  River 
as  a Class  I premium  scenic,  fishery,  wildlife  and  recreation  waterway 
It  has  also  classified  Tomales  Bay  as  a Class  II  scenic,  fishery, 
wildlife  and  recreation  waterway. 

Vegetation . The  vegetative  cover  in  Site  18  is  highly  diversi- 
fied. The  most  extensive  single  cover  type  is  grass  and  forbs  which 
is  found  on  the  interior  roliing  hills  and  the  coastal  prairie.  Orchard 
crops  and  hardwoods  cover  extensive  areas,  particularly  in  the 
vicinity  of  Sebastopol.  Grasslands  blend  into  hardwood,  particularly 
oaks,  and  at  higher  elevations  into  chaparral.  In  the  northern  and 
southernmost  portions  of  Site  18,  higher  elevations  and  some  lower 
canyon  areas  arc  covered  with  coniferous  forests  which  include  red- 
woods. The  1 is; t of  rare,  endangered  or  possibly  extinct  plants  for 
this  area  contains  44  species  (Table  II— G- 10).  The  large  number  of 
such  species  may  be  the  result  of  the  intense  recreational  uses  that 
some  parts  of  this  area  receive,  land  use  changes  associated  with 
uibunizetion , overgrazing  and  many  additional  stresses  placed  on 
plant  communities  by  man  and  his  activities. 

Fisheries . The  streams  in  this  area  contain  both  anndromous 
and  warmwater  iisheries.  The  most  important  stieam  is  the  Russian 
River.  King  salmon  (500  fish),  silver  salmon  (5,000  fish)  end  steel- 
head  (50,000  fish,)  art-  estimated  to  use  the  river  and  its  tributaries. 

Ten  thousand  angler-duys/year  with  a yield  of  .2  fish/angler- day  foi 
salmon  and  M',000  angler -da ys/yr  ar  with  a yield  of  .2  fish/anglcr- 
day  for  stcvlhend  indicate  the  recreational  use  of  this  fishery.  The 
Russian  Riv'<  and  its  tributaries  also  support  a warmwater  fishery 
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Table  Il-G-10 


MKE,  ENDANGERED  AND  TOSS J BEY  EXTINCT 


.'Peril  b_ 

So  lOitu  County 
Campanula  c lformc  : 
Curex  lbid.i 

Rh  "nchospora  californic  ■ 
Arctost'.phylos  hakeri 
Stanford  man. t am t a 

A.  densiflore 

Sonoma  mnnzamta 

Agrostis  bl.isdalei 
Rent  gra 

C il  1 macro:  * t lar.  T ■ i 


C.  crassiglumis 

Lupinus  abramsii 

Ti i folium  amoenum 
Eiitillarla  liliacea 

1 ilium  mari  ti  mum 
Coast  lily 


i inn  i n' ho;  vincul.  ns 
1 rioaoeuni  • •nriiri 


of  site  18 

Local  Ho  1 at. 'it 

Near  c-o  , st 
Open  marshy  places 
below  300  feet 
Bog:  , ledum  swamp 
Dry  serpentine  ridaes 
near  Cimp  Meeker 
and  Occidental 
Bank:  , ah  nr  roadside 
10  miles  west  of 
Santa  Rosa 
Neat  coast 


Swampy  places 

Open  woods 

2000-0)00  feet 
Rare  , rn  low  rich 
fields,  swales 
Heavy  soil,  open 
hills  nd  fields 
Near  coast 
Sometime  *;  m : audy 
soil , usually  on 
raised  hummock 
in  Lons . Also  in 
brush  and  wo  ids, 
at  low  elevations 
No  da.ta 

Pi  v r'w  ;•  y si  jpes 
on  hale  or 

Serpen'  j pp. 

1 000  /Or  I f<-,t 


PLANTS 


Plant  Conimuni; y 

Freshwater  marsh 
Mixed  evergreen 
forest 


C 'on st  1 strand  (d unc s) 
Non  hei  n coa  st  1 
scrub  (cliffs) 
Freshwater  rr,  -in  n 
Meadows  : n clo;  ed- 
cone  pine  forest 
Northern  coastal 
scrub 

Fresbw  ter  marsh 
Northern  coast. d 
scrub 

Mixed  evergreen 
forest 

Yellow  pine  fore;  t 


Northern  coastal 
scrub 

Redwood  forest 

Noi thei n coastal 
scrub 

Noi! her::  coniferous 
forest 


Co  st  d prairir 


Species 

Delphinium  bakeri 
D.  lutcum 

Ceanothus  gloriosus 

Castilloja  laiifolia 

M a rin  County 
Plagiobothrys  glaber 

Campanula  californica 

Chaotopappa  bellidiflora 

Streptanthus  batrachopus 

Rhychospora  californica 
A.  montana 

A.  virgata 

Bolinas  manzanita 

Agrostis  aristiglumis 
Agrostis  blasdalei 


Local  Habitat 
Low  brush  and  fence 
rows,  below  600  ft. 
Coleman  Valley 
Open  places  on  sea 
bluff 

Bodega  region 
Sandy  places 


Sandy  places 


Salt  and  alkaline 
flats 

Freshwater  swamp 
Point  Reyes  National 
Seashore 

Open  dry  rock  slopes 


Serpentine  outcrops, 
below  2.000  feet 
Carson  Ridge 
Bogs,  Ledum  swamp 
Serpentine  flats  and 
slopes 

Brushy  slopes  at  edge 
of  closed-cone 
pine  forest 
Diatomaceous  shale 
West  of  Mt.  Vision 
Pt.  Reyes  National 
Sea  snore 
Dunes 
Cliffs 


Cnlamagrosti  s crassiglurnis  Swampy  places 
Reed  grass 

Plouropogon  hooverianus  Meadow 
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Plant  Community 

Valley  grassland 

•Northern  coastal 
scrub 

Coastal  strand 

Closed-cone  pine 
forest 

Northern  coastal 
scrub 

Coastal  strand 

Closed-cone  pine 
forest 

Coastal  salt  marsh 


Northern  coastal 
scrub 

Coastal  prairie 
Chaparral 


Chaparral 
Redwood  forest 


Coastal  strand 
Northern  coastal 
scrub 

Freshwater  marsh 
Northern  coastal 
scrub 

Mixed  evergreen 
forest 


Spy  CILL 

In  folium  amoenum 
Kritillaria  liliucea 


l.ilium  kelJoqgji 


kilium  maritimum 
Coast  lily 


Sidnlcea  hickmanii 
f-sp.  viridis 
Chorizanthe  vulida 

Lriogonum  caninurn 


I-ocal  Habitat 
Haro  - in  low  riel: , 
fields , :>v.\: Ins 
Heavy  soil,  open  hills 
and  fields  nc\n 
coast 

Dry  rooky  places  or 
shaded  deeper  soil 
Below  2500  feet 
Sometimes  in  sandy 
t>oil , usually  on 
raised  hummocks  m 
bogs.  Also  in  brush 
and  woods,  at  low 
elevation 
Big  Car. ".on  Ridge 

Sandy  places 

Dry  rocky  slope:  cm 
shale  oi  serpentine 
1000-2.000  feet 


Plant  C o r 1 rn  a ; i t v 


Northern  coastal 
sc:  ul. 

Redwood  forest 

Redwood  forest 

Mixed  evergreen 
for  e s t 

Northern  coastal 
scrub 

Northern  couiferou 
forest 


Chaparral 

Northern  coastal 
scrub 

Coastal  prairie 


in  the  area  downstream  from  Healdsburg.  Nongame  or  "rough"  fish  are 
found  in  numbers  detrimental  to  the  anadromous  and  warmwater  game 
fish  in  the  low  summer  waters  of  the  Russian  River  and  its  tributaries. 
The  Russian  River  was  classified  by  the  California  Protected  Water- 
ways Plan  as  a Class  1 salmon,  stcelhead  and  warmwater  waterway. 

In  the  evaluation  of  present  fisheries,  the  Russian  River  was  classi- 
fied as  Class  I for  steelhead  and  Class  II  for  salmon  and  American 
shad  (from  mouth  to  Healdsburg  Dam). 

The  minor  streams  of  Sonoma  County  are  reported  as  having 
34  miles  of  silver  salmon  stream,  1,000  spawners,  and  a .3  fish,/ 
angler-day  yn  hi,  and  -18  miles  of  steelhead  streams,  4,000  spawners, 
and  a .3  fish.' angler - day  yield.  These  data  are  for  the  coastal  streams 
for  the  entire  county  as  are  tire  following  data  for  all  of  Marin  County. 
The  minor  si.  - .cns  >i  Matin  County  have  02  miles  of  silver  salmon 
habitat,  5,0'iC  c(  . r.\  : : , ! , 000  ang!  or  day  s , and  a yield  of  .3  fish/ 

angler-day,  and  108  miles  of  siee'head  habitat , 8,000  spawners, 

3,700  angler  • day.  and  a yield  of  .3  fjsh/angJer-day . Pepper  mill 
Creek,  S tempi  Cicek  and  Walker  Cr  c < k have  anadromous  runs. 

Nicusio  Creek  Iso  ha:  ■ n it,  as  weir  as  facilities  to  compensate  for 

<i  dam  on  the  stream.  In  I ; . c California  1’iolcclod  Waterways  Plan, 
Oleina,  Salmon  unci  Pin"  Cal. an  ,u  classified  as  Class  111  steelhead 
rivers  in  the  fishery  w itcrwat  r ■ vain.  {>•  i.  C.  'ainly  there'  ere  many 
streams  tha.t  ;vrrc  not  c Vwk  a tod  for  fishery  pair  atial. 

Wildlife.  Black  tail  c’c-c:  ire  emu:  in  over  thr  entire  Marin 
Couid  y cii  ■ in  densities  of  6(  101  :qu:n  mile  hare lw<  od  and 

gra ss l<md  habitat  type  , and  3Q-b(  ’ i ther  habitat  types  . 

Deer  are  f uud  on  the  edges  of  utbei  (I  ve’  : : id  . In  Sonoma 

County  trie  deer  denstln  are  a!:  30 le  for  n.osl  wild 

land  types  , but  are  only  10-30/square  mile  n c .sslands  and  some 
agriculture  are  ,s.  Peru > lags  an  courvu  a in  the  coastal  forest 
habitats  in  Soncisa  County. 

The  distribution  of  California  valley  quail  encompasses  all  of 
Marin  County  in  densities  of  JO- 100/100  acres  jp,  grassland,  woodland- 
grass  and  hardwood  habit  .t  typos.  Sonu  favorable  chaparral  locations 
support  populct  ion  dens  it 'or.  of  100/100  ecu:.;.  Populations  o1 
California  valley  and  mountain  qu  tii  occur  in  Sonoma  County. 

Coastal  forests  are  breeding  and  v Mitering  areas  fur  band-tailed 
pigeons  in  both  counties.  Doves  urc  common  u vveodlun  -grass  and 
other  habitat  types  in  M uin  County  and  grey  squirrels  an  common  it; 
densities  of  l«  ’ban  1 I. ' 1 • •)  acres.  .Jonotr.a  County  coastal  forests, 
contain  a f<  \ i 1 ic  grou...  . 
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Tidal  flats,  salt  maish  aieas  and  other  wetlands  support 
wintering  populations  of  dabbling  and  diving  ducks  (Sonoma  County 
densities  of  1,000/100  acres).  Tidal  flats  and  bays  such  as  Bodega 
Bay  are  wintering  areas  for  black  brant.  Canvasback  and  scaup  are 
extremely  dependent  on  the  tidal  flats  for  feeding  areas.  Wood  duck 
nest  along  stream  and  farm  ponds  in  densities  of  10/100  acres  in 
some  localities . 

Shorebirds  are  abundant  on  marsh  lands  and  tidal  flats.  Shore, 
water  and  sea  birds  can  be  observed  on  coastline  and  tidelands.  The 
grassland  and  agriculture  habitat  types  support  white-tailed  kites 
(Sonoma  County,  1/100  acres).  Ospreys  and  eagles  are  found  in 
Matin  County.  Common  furbearers  are  found  in  both  counties. 

The  California  Protected  Waterways  Plan  classifies  Bodega 
and  Tomales  Bays  as  Class  I estuaries  and  D-Ranch  Pond  as  a Class 
III  freshwater  pond.  Estero  Americano  and  Estero  de  San  Antonio  are 
Class  1 lagoons.  The  lagoon  of  the  Russian  River  is  designated  as 
Class  II  and  the  lagoon  of  Salmon  Creek  as  Class  III.  The  Russian 
River  is  classified  as  a Class  1 ripanan  area  and  Atascadero  Creek 
and  Olcmu  Creek  as  Class  III  marshes. 

The  California  clapper  rail  (RoIUm;  lor.girosti  is  obsolelus)  , 
designated  as  endangered,  and  the  California  black  rail  (i.atrrailus 
Jamaicensis  coturniculus)  designated  as  rare  by  the  State  of  California, 
are  known  to  inhabit  salt  marshes.  Both  species  , historically  or 
recently,  have  used  the  salt  marshes  of  Tomales  Bay.  Although  the 
bay  is  outside  the  boundaries  of  Site  IB,  changes  in  the  lands  and 
waters  east  of  the  bay  could  affect  the  marsh  habitat  of  these  species. 
No  animals  identified  as  rare  or  endangered  by  the  State  of  California 
have  distributions  which  include  Si'e  18. 

Recreation . Site  18  and  the  surrounding  areas  receive  heavy 
recreational  use.  Areas  such  as  Mt.  Tamalpuir  , Pi.  Reyes , the 
coastal  parks  and  the  Russian  River  account  for  many  thousands  of 
users  each  year.  Fishing  includes  salmon,  steelhead,  shad  and 
warmwatcr  fish.  Hunting  includes  deer  and  upland  game  such  as 
quail,  dove  and  tree  squirrel.  Black  brant  are  hunted  in  cons*  A areas 
(bays,  estuaries).  Other  activities  include  camping  , picnicking, 
swimming,  boating,  hiking,  horseback  riding  and  sightseeing.  Site 
18  provides  many  locales  foi  observing  wildlife,  particuarly  osprey, 
while-tailed  kite,  and  shoie,  sea  and  land  birds. 

Special  Considerations . The  minor  streams  which  flow  to  the 
ocean  arc  in  need  of  unproved  summer-fall  stream  flows.  In  -.-ddition 
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to  insufficient  flow,  problems  of  the  steams  involve  siltation,  erosion 
and  diversion  of  waters.  Improved  fisheries  could  be  attained  with 
additional  water  of  acceptable  quality.  In  some  areas  which  are  now 
pasture  lands,  truck  crops  could  be  grown  by  importing  water.  On 
lands  which  are  being  converted  from  nonirrigated  orchards  to  vineyards, 
additional  water  is  required,  particularly  for  frost  protection. 

Willow  Creek  and  Salmon  Creek  were  both  identified  by  Sonoma 
County  as  critical  wildlife  areas.  Estero  Americano  was  identified  us 
tin  important  bird  wintering  area.  The  coastal  bays  and  estuaries 
within  Site  18  tire  all  important  wildlife  arr'a.  These  areas,  especially 
the  beds  of  kelp,  have  delicately  balanced  coo-systems  which  are 
highly  susceptible  to  man’s  influence.  The  addition  of  water  (even  of 
the  best  quality)  could  be  detiirnen'  1 to  a waterway  if  the  outlet  was 
a coastal  bay  or  estuary.  Changes  in  salt  concentration  or  composi- 
tion in  nearshore  waters  could  aliecl  the  plant  and  animal  communities. 
Intensive  studies  would  need  to  be  carried  out  to  evaluate  the  effects 
of  (,:ny  water  additions  to  sfeams  or  estuaries. 

The  coastline  is  included  in  tin  pro i eel  area  boundary.  Any 
pro  [••a  seel  use  of  coastline  property  should  be  thoroughly  investigated 
to  insure  that  adverse  impacts  u<  avoided  and  that  public  policy  is 
fulfilled. 
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Site  21  is  located  in  Sonoma  County  and  encompasses  Knights 
and  Alexander  Valleys  and  their  surrounding  watersheds  as  well  as 
the  Russian  River  area  south  of  Healdsburg.  Both  Knights  and 
Alexander  Valleys  are  agricultural , including  orchards  and  vineyards 
with  grass  meadows  and  hardwood  and  coniferous  forests  at  higher 
elevations.  Elevations  vary  from  approximately  200  feet  on  the  valley 
floors  to  4,344  feet  at  Mt.  St.  Helena. 

Vegeta t ion  . Agricultural  vegetation  and  hardwoods  dominate 
this  area.  Hardwoods  covet  the  higher  elevations,  separated  in  some 
cases  from  agricultural  cover  by  glasses  and  forbs . Drier  slopes  are 
covered  with  chaparral  cover.  The  hardwood  cover  type  represents 
various  species  >f  oaks  m several  different  plant  communities  and 
habitat  types.  Areas  of  hardwoods  mixed  with  coniferous  forests  are 
found  at  higher  elevations.  In  1964,  the-  "Calistoga  fire"  burned 
hardwood  and  coniferous  forest  areas.  Renrowth  areas  h ive  a brush 
or  chaparral  ippoaranee,  although  part  of  this  crewth  is  seedling  trees. 
Rate,  endangered  or  possibly  extinct  plants  whose  distributions  are 
included  in  Area  2!  arc  listed  in  Table  II--G-11  . 

fisheries . Tne  Russian  River  is  the  major  year-round  stream 
and  the  entire  site  >s  contained  within  its  watershed.  It  is  classified 
as  a Class  1 premium  scenic,  fishery,  wildlife  and  recreational  w tor- 
way  by  the  California  Protected  Waterways  Plan.  King  salmon  spawn 
in  the  larger  tributaries  and  silver  salmon  in  the  lower  parts  of  the 
drainage.  Stcelhead  are  found  in  most  tributaries  of  the  liver.  Pish 
numbers  and  fishing  statistics  are  known  for  the  entire  length  of  the 
Russian  River.  .Salmon  provide  10,000  angler-days/year  with  a yield 
ol  .2  fish/angler-day.  Stcelhead  provide  60,000  angler-days /year 
with  a yield  of  .2  fish/angler-day . During  the  summer  tributaries 
become  warm  and  fishing  is  limited  to  warmwatei  and  nongarne  species. 
Tri t.'Ularies  to  the  Russian  River  are  important  spawning  and  nursery 
streams  and  are  constantly  thieatcneu  by  a degradation  in  water 
quality . 

In  the  California  Protected  Waterways  Plan,  the  Russian  River 
is  designated  as  u Class  1 salmon  and  stcelhead  stream  us  well  as  a 
Class  I warmw  -ter  stream.  I'bo  Russian  River  is  classified  as  a Class 
JI  salmon  river,  i Class  ! stcelhead  river,  and  Class  11  slic'd  waters 
(mouth  to  Healdsburg  Li.cn). 
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Table  II-G-1 1 


RARE , FNDANGERED  AND  POSSIBLY  EXTINCT  PLANTS 

or  SITE  2 1 


Species 

Plagiobothrys  strictus 

Strepthanthus  brachiatus 
S.  morrisonii  ssp.  hirti  — 
florus 

S.  morrisonii  ssp.  morris- 
onii 

Paiucum  thermole 
Panic  grass 
Lupinus  abramsii 

Erythromum  helenae 


Linnanihes  vinculans 
Navarrctia  plieanthe 

Eriogonum  kelloggii 

Potentilla  hickmanii 

Lomatium  repostum 


Plant  Community 


Local  Habitat 

Sulfur  springs  near 
C-ali  stoya 
No  data 
No  data 

No  data 

Wet  saline  places 
about  hot  springs 

Open  woods  Mixed  evergreen 

20C-5000  feet  forest 

Yellow  pine  forest 
Well-watered  volcanic  Chaparral 

soil  and  leaf  mold , Foothill  woodland 
in  brush  and  woods 
St.  Helena 
Mo  data 

Peaty  margins  of  Bogy's  Yellow  pine  forest 
Lake 

Dry  riuges  Yellow  pine  forest 

4000  feet 

Rare-ia  marshy  places  Foothill  woodland 
at  scattered  stations 
Inner  coast  ranges  Chaparral 

Mt.  St.  Helena  Closed-cone  pine 

forest 

Foothill  woodland 


Wildlife.  Black-tailed  deer  are  found  in  densities  of  33-60/ 
square  mile  in  most  forested  wild  land  habitat  types  and  densities  of 
10-30/square  mile  in  grasslands  and  parrs  of  the  agricultural  habitat 
type.  Populations  of  California  and  mountain  quail  are  found  in 
Sonoma  County.  Wintering  populations  of  band-failed  pigeons  are 
found  locally  in  densities  of  10-  100/ 100  acres.  In  1965,.  250  wild 
turkeys  inhabited  the  woodland-grass  habitat  type  in  the  vicinity  of 
Cloverdali.  . Wood  ducks  breed  in  densities  of  10/100  acres  along 
streams  and  farm  pond  areas.  Mountain  lions  are  found  in  the  county. 

Medium  densities  of  common  furbearers  are  found  in  the  area. 
White-tailed  kites  occur  in  the  grassland  and  igriculli  ■ rj } habitai 
types  in  densities  of  1/100  acres.  No  rare  ot  endangered  species 
identified  by  the  State  of  California  are  found  in  Site  21.  Prnitio 
falcons,  mountain  king  snakes  and  ring-tailed  cuts  are  considered  to 
be  critical  wildlife  species  that  were  not  designated  as  rare  r 
endangered,  but  which  arc  seen  in  diminishing  number.;  in  the  Ml.  Si. 
Helena  area.  The  Russian  River  is  classified  as  a Class  1 in'  md 
marsh  and  wetland  in  the  California  Protected  Waterv.  ..ys  Flan. 

Recreation . Much  of  Site  2 1 is  in  private  owneship  and  net 
available  ' ■>  the  publ'C.  The  actual  recreatin'.  ..1  use  is  .rtkn  on  for 
th<  ; ' ii  ■ is . Fishing  includes  salmon , steel  head  ■ id  a ..  ri  - 
watei  fishery.  Hunt'll ;i  in  the  area  includes  mcin'y  h v < ad  c;  iail. 
Other  activities  .nclude  camping,  picnicking,  sightsee  uy  , hiking  and 
horseback  riding. 

The  Russian  River  provides  recreation  in  the  form  of  kayaking 
and  canoeing  as  well  as  fishing  and  swimming. 

Special  C n iderations . Application  oi  was  ■ w tfei  in  th<  re 
must  be  carefully  managed  to  protect  v/nler  qu  dity  in  siren1  nd  to 
enhance  upland  habitat  patterns  and  existing  scenic  and  ■:  fbefic 
values.  Any  degradation  of  water  quality  in  streams,  especially 
through  worming  oi  the  water,  may  seriously  affect  s.ikr.  >nid  fishes 
and  ultimately  (tie  recreate  nal  value  of  the  Russian  br  er.  Chances 
in  upland  n.  . character  will  result  in  displacement  of  •••.listing  biul 
and  mamma!  popuh. '.ions  . Certain  portions  of  the  area  are  noted  fur 
the  natural  beauty  „ f Me  existing  '.''  rotation,  and  any  chan  in 
natural  vegetation  would  affect  their  recroatioi  il  use  upr:  t ic 
aesthetics  < f the  area.  In  consideration  of  fi.i  , wastewater  ippHca- 
fons  present  opportunities  for  protection  of  the  natural  irea  through 
fur  relordi.ti  :i  1 pc  veiuion.  I i areas  where  prune  and  odn  r 
orchards  nr<  !>■  a:  • r»  placed  by  vineyards,  additional  irrig.it  imi  -.vatoi 
will  !;<  nr  ran  i.  bopplunental  .valor  is  nr  r i . daring  the  spring  !.  : 


fr  protection  (aerial  spraying).  The  soils,  topography  and  other 
conditions  are  such  that  the  importation  of  water  could  open  new  areas 
ti  i ay:  icultlire  . 
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Site  27  is  located  almost  entirely  in  Monterey  County  with  a 
small  portion  in  San  Benito  County.  The  western  and  central  parts  of 
the  area  arc  within  the  Salinas  River  Valiev  with  the  eastern  portion  in 
the  Gabilan  Range.  Elevations  vary  from  100  feet  to  3,454  fret  on 
Mt.  Johnson. 

Vegetation . Varying  elevations  and  topography  provide  for 
different  habitat  types.  Four  different  cover  types  are  usually  found: 
agriculture  at  the  lower  elevations  (Salinas  Valley),  grasses  and  forts, 
chaparral  anci  hardwoods  at  the  higher  elevations.  Rare,  endangered 
or  possibly  extinct  plants  of  Site  27  are  listed  in  Table  Il-G-12. 

Fisheries . The  Salinas  River  is  a minor  steelhead  stream. 

It  is  estimated  that  500  spawners  use  it  annually  and  that  600  angler- 
days  are  spent  at  the  river  with  a yield  of  .06  fish/angler-day.  I.ow 
water  and  shifting  sand  in  the  stream  bottom  make  it  a poor  habitat. 

The  Salinas  River  also  contains  a warmvvater  fishery. 

Wildlife.  Black-tail  deer  arc  found  throughout  hie  area  except 
for  the  agricultural  area  of  the  Salinas  Valley.  Tire  highest  densities 
of  deer,  30-00/square  mile  , are  found  in  the  woodland-grass  habitat 
type  with  other  habitats  having  densities  of  10-30  -/.qua to  mile.  Wild 
pigs  are  found  within  the  area  and  are  considered  a game  animal  as 
well  as  a souice  of  depredation  to  agriculture  in  the  Salinas  Valley. 

California  valley  quail  are  found  in  densities  of  50-  100/100 
acres  in  woodland-grass  , riparian  and  some  agricultural  habitats. 
Densities  of  10-50/100  acres  are  found  in  chaparral  and  other  in  hi  tats. 
Cottontail  and  brush  rabbits  are  found  in  densities  of  10-100/100 
acres  in  the  same  area  as  the  quail.  Doves  cue  also  found  with!  . >h, 
area  in  breeding  and  hunting  densities  of  10- 100/100  acres,  r ■:  isarn. 
aic  found  in  den  si  tier  oi  less  than  10/100  acres  in  agricultural  and 
riparian  habitats.  Band- tailed  pigeons  are  found  within  the  site. 

Waterfowl  are  found  in  densities  of  10/100  acres  in  the  lower 
Salinas  River  and  on  farm  ponds.  The  site  is  not  a concentration  area 
for  wilier  fowl  and  geese  are  not  seen. 

Mountain  lions  occur  widely  in  deer  habitats.  Raptors  are 
common  and  golden  eagles  , osprey  and  white-tailed  kites  occur  in 
this  area. 
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Tabic  II-C-- 1 : 


RARE,  II N DA N C T TT ’ ' AND  !'<.  Irl.Y  ■ X ! i ' 
Ob  SIT!  27 


Species 

A m sinck  ia  grand  i f 1 or  a 
Campanula  cnlifornica 

Chaetopappa  bel lid i flora 

Pwvisedum  pent  ndrum 


Arcti  >.  t phy  lo:  - i . 

A . mont  < ■ ■ ■ en 
A.  purr.ila 

Dune  manzari;*;' 

Mon  n del  1 • ; ' o ■ i : ' on  sis 
Trifolium  1 \ • 1 ■ x 

britillaria  lilmcna 

b.  viridca 

Checker  lily 


Maloeothernnu:  ; bottii 

Op!r  :1c, : sum  • ilifornh nm 
Adder ' r tor  fern 

1 ' 1 1 > '!  •;  i r . ; i ' r 


Local  Ha:  it at 
Innr  r coast  ramie  and 
adjacent  valleys 
Near  coast 
Point  Reyes  National 
Seashore 

Open  dry  rock  slopes 

Rocky  places,  often 
on  serpentine 
800-2500  feet 
Inner  coast  range 
A 1 k a 1 ' ■ , e low  ’ills 
below  a 00  he* 

No  d.ih. 

No  rh 1 ‘ • 

Sandhills  and  woods 


No  data 

Sandy  pi  ices 

Heavy  soil,  ope  hills 
and  fields  nr  u 
coast 

Mostly  in  1 >r ash  ar.  i 
among  oaks  >r, 
pines,  ‘no low  2->Uv 
fee  t 


Arnon  t willows  , 
lir, a.  n ver 
Vernal  pools 

> nd\'  pi  'ce.; 


Tropid  ocarpui 


A.  N'T 


Plant  Con imunity 
Valley  grassland 

breshwutor  swamp 

Northern  coastal 
scrub 

Coastal  prairie 
Openingi  in  for  •thill 
woodl  >nd 
Chaparral 

Valley  grassland 


Closed-cone  nine 
forest 

Norther,  coastal 
set  ub 

Closed-cone  nine 
forest 

NX  it  .tern  CO  stal 
scrub 

Redv.uo  i f 'icst 
Nr  >r  i err.  coa ; T 1 
scrub 

M . x>  I evergreen 
forest 
Ch.-.p  rral 
b >o!hil!  wood!  nd 
Yellow  pine  forest 


Coastal  : trancl 


Specie? 

Eriogonum  butterworthianum 
E.  nortonii 


E.  temblorense 
Polygonum  montereyense 
Delphinium  hutchinsonae 
Ceanothus  rigidus 
California  lilac 


C.  rigidus  var.  albus 
California  lilac 
Potenti  11a  hickmanii 

Galium  californicum 
ssp.  luciense 


Galium  hardliamiae 
Castillcja  latifoliu 

Cordylanthus  littoralis 


Local  Habitat 
No  data 

Dry  rocky  slopes 
1500-4000  feet 
Inner  coast  range 
No  data 
Dry  hard  clay 
No  data 

Sandy  hills  and  flats 
Monterey  Peninsula 


Monterey  Peninsula 

Rare,  in  marshy  places 
at  scattered  stations 
Open  h' Us  and  woods 
below  3 5 00  feet 
Coast  ranges 


No  data 
Sandy  places 


Monterey 
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Plant  Commur  ity 
Chaparral 


Closed-cone  pine 
forest 

Northern  coastal 
strand 


Foothill  woodland 

Redwood  forest 

Closed-cone  pine 
forest 

Mixed  evergreen 
forest 

Coastal  strand 

Closed -cone  pine 
forest 

Back  of  coastal 
strand 

Closed-cone  pine 
forest 


No  rare  or  endangered  animals  have  been  identified  by  the 
State  of  California  in  Site  27.  Th<  endangered  California  clapper  rail 
(Rallus  longirostris  obsoletus)  is  found  in  the  salt  marshes  of  nearby 
LI k horn  Slough  and  the  r -re  California  1 lack  rail  (Later  tllus 
jamuicensis  coturmculus)  is  also  be!  a d 1 in  the  vicinity  of 
Monterey  Bay. 

The  California  Protected  Watt  • P!  . designates  the 
Salmas  River  as  a Claris  I rip  a.  . n . 

Recreati  > There  is  a slight  ai  • • . • fishing  in 

the  Salinas  River.  There  is  i wid«  ting  a ilabli  in  the 

area , includin j : • - • ■ • note  i« 

the  existei  ce  •:  wild  pig  huntit  • • . Under  proper  manage- 
ment , phea  ■ nts  Id  :<  r in  ; ble  of  supporting 

hunting  in  this  ».  Tl  hiking,  picnicking, 

sightseeing  and  horseback  n ling. 

Special  Considerations.  Treated  return  flow  bom  wastewater 
applicatior  • co  d in  pr  • • th<  fl  w f the  Salina  : v<  i . The  stet  1— 
head  fishery  is  pc.  -r  duo  to  the  low  water  and  shifting  sand  in  the 
stream  bottom . 1A/ it!  me  ■ isr  flow  a b(  t ter  . t<  hr  1 f i s h e r v could 
bo  produced.  Detailed  investigations  of  the  effect  : additi  nal  water 
to  riparian,  esun-’ine  and  bay  plant  -nd  animal  communities  would  be 
needed , and  the  quality  of  the  water  would  he  .-g  major  significance  to 
<u i y in ves tiga tion . Ad  li  ti  ' 1 1 il  w iter  w uld  1 1 s ind  uses  in  agriculture 
in  the  Salmas  Valley.  Applications  of  water  to  wildlife  habitats  would 
change  these  areas  and  thereby  affect  wildlife  specie;  in  the  wooded 
areas . 
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Site  28 


Site  28  is  located  within  San  Mateo  County.  It  includes  the 
western  slope,  from  the  crest  to  the  ocean,  of  the  Santa  Cruz  Mountains 
from  south  of  Half  Moon  Bay  to  approximately  the  San  Mateo-Santa 
Cruz  County  line.  Elevations  range  from  sea  level  to  2,191  feet. 

Vegetation.  The  vegetative  cover  types  include  pasturage  and 
crop  agriculture  in  a coastal  band  at  the  lower  elevations  , grusse. 
and  forbs  in  foothill  areas  , chaparral  on  dry  .slopes,  hardwoods  in 
some  areas  along  the  crest  of  hills  and  conif.  - jus  forests  at  the  higher 
elevations  in  twt  different  locations.  These  con  Hero  areas  iricl  i 
Douglas  fir,  coast  redwood,  tan  bark  oak,  etc.,  which  ehoracteri::. 
the  coastal  forest  habitat.  Rare,  endangered  in  ' j bly  exl  • :t 
plants  whose  distributions  include  Site  28  arc-  listed  ::i  Table  II -Cl-  13. 

Fisheries . San  Mateo  County  contains  4 miles  of  silvor 
salmon  streams  (1,000  s pawners)  and  111  miles  of  steel  head  streams 
(8,000  s pawners)  in  the  western  slope  streams  whiv!  •!  v 
ocean.  Salmon  provide  1 ,400  angler-days,-  year  with  a yield  of  . M 
fish/angler-duy  and  3,500  anglcr-days/year  are  spent  on  steelhead 
with  a yield  of  . 1 1 fish/angler-duy . Awutmw  iur  fishery  is  aim 
present  in  the  site.  The  lower  reaches  of  coastal  streams  are  silted 
from  accelerated  soil  erosion  associated  with  disturbances  to  he  set] 
mantle.  Agriculture  appropriates  much  of  the  water  fnnn  stream:  , 
limiting  nursery  capacities  for  anadromous  fishes  and  a sumn  ei  fi;  h . 
The  California  Protected  Waterways  Plan  designated  Pescadcro  C.  c 
as  a Class  111  steelhead  river. 

Wildlife.  Black-tailed  deer  inhabit  the  coast  sagebrush 
habitat  type  in  densities  ot  60- 100/square  mile,  while  other  wild  land 
habitats  carry  densities  of  30-60/square  mile.  California  valley  quail 
occur  in  densities  of  30-50/100  acres  in  most  wild  land  and  agricul- 
ture habitat  types.  Wintering  densities  of  10-100/100  acres  .no 
known  for  band-tailed  pigeons.  Doves,  rabbits  and  tree  squirrels  are 
common.  A single  species,  noted  below,  known  to  occur  in  Site  28 
has  been  classified  as  rare  ot  endangered  by  the  State  of  California. 

Species  Status 

(Thamophis  sirtalis  letratacnia)  Endangered 

San  Prancisco  garter  snake 

The  San  Francisco  garter  snake  inhabits  marm.  • areas  and  is  most 
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Table  JI-G-13 


RARE,  ENDANGERED  AND  POSSIBLY  EXTINCT  PLANTS 
OF  SITE  28 


Species 


Local  Habitat 


Plant  Community 


Chriotopappa  bellidiflora 


Helianthella  castanea 

Cupressus  a bi a m s i a na 
Santa  Cruz  cypress 


Arctostapbylos  pacifica 
Potentilla  hickmanii 

Castilleja  1 ‘ ifolic. 


Open  dry  rock  slopes 

Grassy  hillsides 
500-4000  feet 
Dry  slopes 
1600-2500  feet 
Bonnie  Doon 
Eagle  Rocks 
Santa  Cruz 
No  data 
Rare 
at 


Northern  coa  stal 
scrub 

Coastal  prairie 
Foothill  woodland 
Valley  grassland 
Yellow  pine  forest 
Closed-cone  pine 
forest 


Foothill  woodland 


Mountains 

in  marshy  places 
seal t ered  1<  < itions 


Sandy  places  Coastal  strand 

Closed-cone  pine 
forest 


commonly  found  in  vegetation  that  borders  ponds  and  lakes.  Less  of 
habitat  to  hot. sin.:  and  highway  const-uction  have  reduced  the  popula- 
tion to  the  endangered  level. 


The  California  Protected  Waterways  Plan  designated  Pcscadero 
Marsh  as  a Class  ! lagoon.  Class  III  lagoons  include  Gazos  Creek, 
Pomponio  Creek,  San  Gregario  Creek  and  Tunitas  Creek. 

Recreation . Recreational  use  along  the  coast  and  in  state 
parks  is  heavy  There  is  a moderate  amount  of  salmon  and  steelhead 
fishing  in  the  area  as  well  is  a warmwater  fishery.  The  available 
hunting  inc’  iaes  deer,  quail,  doves,  rabbits  and  tree  squirrels.  Other 
activities  supported  by  the  site  include  camping,  picnicking, 
swimming,  biking,  sightseeing,  horseback  riding  and  wildlife 
observation . 

Special  Considerations . Imported  water  may  have  stream- 
flow  augmci  UPi.  o uses  in  th’s  area,  particu!  .r’.y  where  agricultural 
appropriation  of  stream  waters  a is  ein^mshed  the  sal:a  nid  o:  warm- 
water  fisheries  through  stro  inflow  depiction.  Ti.i  iff  r t of  nddi'.iuf.  1 
water  n iipa.K.n,  marsh  and  cv-tu  ir’ne  communities  w >uld  need 
extensive  inve.  :. •nation  before  anv  decision  c.  ule  be  nade  n the 
advisability  £ adding  wastewater  to  ihe  pres*  nt  stream  system  either 
directly  or  by  subsurface  flow. 


Site  42 


Site  42  is  in  Contra  Costa  County  and  encompasses  an  area 
from  the  summit  of  Mt.  Diablo  eastward  to  Clifton  Court  on  Old  River 
(San  Joaquin  River).  The  northern  boundary  is  south  of  the  Bay  and 
Delta  front  cities.  It  contains  in  its  easternmost  reaches  sections  of 
the  California  Aqueduct  and  Delta- Mendota  Canal  and  the  Clifton 
Court  I'orohay.  The  elevation  rang*  s from  3,849  feet  at  Mt.  Diablo 
to  near  sea  level  at  the  edge  of  the  San  Joaguin  Delta  and  valley. 

The  area  is  characterized  by  several  valleys  sloping  from  west 
to  east  that  are  separated  by  ridges  500  to  1,000  feet  in  elevation. 

The  valleys  and  lower  hills  are  in  agri  •ulture  or  pastures.  The  stream- 
fh'ws  in  these  areas  are  intoirnittent  and  the  channels  are  highly 
eroded  due  to  the  movements  of  cattle.  Wild  land  areas  exist  along 
the  higher  ndges  and  in  canyons  that  lead  fiorn  the  valleys  to  Mt. 
Diablo.  These  areas,  arc  typified  by  hardwoods  and  chaparral.  Along 
tiie  lower  eastern  edge  of  the  area,  which  is  relatively  flat,  there  are 
orchards  and  row  crops.  The  area  contains  about  500  acres  of 
alkaline  and  nonproductive  soils.  Although  there  is  hunting  at  the 
higher  < lev.it ions  and  wurmwuter  ii:  hmg  in  Marsii  Creek  Reservoir, 
the  area  is  generally  considered  of  low  producin'. ty  for  these  wild 
land  uses. 


Vegetation . The  vegetative  cover  varies  from  orchards,  crops 
and  grasses  a?  lower  elevations  to  woodland-grass  at  median  elevations 
and  hardwood  and  chapar.al  at  high  elevations.  The  wide  range  of 
elevations  md  ic.p;t  aphy  provides  the  opportunity  for  a number  of 
different  p'  mt  communities.  Most  of  the  low  slope  lands  are  in  grass 
or  grass  and  oak.  Raie,  endangered  or  possibly  extinct  plants  in 
Silo  42  are  listed  in  Table  II— C- Id  . 

Fishpt  ies . A warmwater  fishery  is  present  in  both  the 
Californi  i Aqueduct  and  the  Delta- Mendota  Canal.  Those  two  canals 
ire  designcik  d as  Class  III  warmwatei  fisheries  in  the  California 
Protected  Waterway?  Plan.  Marsh  Creek  and  Centra  Loin  a Reservoir 
Sr  at  a of  the  City  of  Antioch  md  Clifton  Cmit  For  ebay  contain  warm- 
w i ei  fisherie:  . Stream  flow!  at  lowei  elevati  ins  are  intermittent. 

Due  to  its  im  min  i!  use  for  fish  and  w’ldlib  , the  fishery  in  the  area 
is  poorly  defined. 

W.ldl.im  Black- 1.> ' led  d>  or  are  found  in  densities  of  10-30/ 
square  mile  i . . vw  .cellar.  ’ ;r  .'•■  ,.nd  ch  i parra!  h • I j i * i!  types.  Deer  are 
also  found  on  some  nut  i ’ am!  i i adjacent  to  wild  areas  and  pos< 


i • i 


l 


Table  II-G-14 


RARE,  ENDANGERED  AND  POSSIBLY  EXTINCT  PLANTS 

or  SITE  42 

Species  Local  Habitat  Plant  Community 

Ainsinckia  grandiflora  Inner  coast  Valley  git  '-  . ■ . 

Range  and  adjacent 
valleys 

Eriophyllum  ;epsonii  Dry  rocky,  often  roothill  wooch-ni 

serpentine  slopes 
1000-3000  feet 
Inner  coast  range 

Heliantheila  castanea  Grassy  hillsides  Volley  yrasslanc 

500-4000  feet  Foothill  woodland 

Mt,  Diablo  State  Park 

Parviseduin  pent  mdrum  Rocky  places,  often  Opening  in  footnill 

on  serpentine  woodland 

000-2500  feet  Chaparral 

Inner  coast  range 

Streptanthus  hispidus  Talus,  rocky  outcrops  Chaparral 

200fi-3S50  feet 

Mt.  Diablo  State  Park 

Tiopidocarpum  capparideum  Alkaline  low  h;lis,  Valley  grar  sluno.s 

below  500  feet,  in 
region  about  the 
foot  of  Mt.  Diablo 

Arctostaphylos  auriculata  Dry  slopes  of  sand-  Chaparral 

stone 

500-2000  feet 

Mt.  Diablo  State  Park 

Phacelia  phacelioides  Uncommon,  in  rocky 

places,  2000-3800 
feet 

Inner  coast  ranges 
Mt.  Diablo 

Calochortu:.  pulchellus  Frequent  on  wooded  Foothill  woo. '.land 

t,nd  brush  slopes 

Above  700  feet  Chaparral 

Mt.  Diablo 

l'ritillaria  lilmcea  Heavy  soil,  open  hills  Northern  coastal 

and  fields  near  coast  scrub 

Redwood  forest 
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Hesperolinon  breweri 


Hibiscus  californicus 


Erioyonum  Iruncatum 


Corhykinthus  nic’ularius 


Canicula  s.nxati'’: 


Local  Habitat 
Grassy  or  brushy 
slopes,  partly 
shaded  on  serpen- 
tine 

Inner  coast  range 
400-3300  feet 
Mt,  Diablo 
Moist  banks 
Lower  Sacramento 
and  San  Joaquin 
Rivers 
Dry  slopes 
1000- 1; 00  feet 
East  base  of  Mt.  Diablo 
Serpentine  slopes 
2000  feet 
Near  Deer  Flat 
Mt.  Diablo 
3000- •800  fer i 
Mt . 1 )i  ‘Lio 


Plant  Community 
Chaparral 
Foothill  woodland 


Freshwater  marsh 


Edge  of  chaparral 


Chaparral 


Chaparral 
Foothill  woodland 
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a continuing  depredation  problem  in  home  gardens  and  on  crop  lar.  is. 

California  valley  quail  are  found  m densities  of  10-50/100 
acres  in  the  chaparral  and  part  of  the  agricultural  nbnat  types.  L>  * s 
are  found  in  the  woodland-grass  and  agricultural  l.nbitat  types  in 
densities  of  10-  1 t'O/lOO  acies.  Jackrabbits,  cot*. entails  and  brush 
rabbits  are  common  in  wild  lands  and  farming  are  as.  Pheasants  are 
confined  to  '.hr  agricultural  habitats,  especially  cereal  crops,  in 
densities  10-50/100  acres.  Rand-tailed  pigeons  are  common 
winter  migtants  in  the  woodland-grass  habitat,  partic  ’arly  around 
Mt.  Diablo,  in  densities  c!  10-100/100  acres. 

Songbirds  are  numerous  in  the  woodland -grass  and  chaparral 
habitats.  Golden  eagles  are  occasi<  nally  seen  n the  Mt.  Di  bloat 
Ma;sl  *.  s have  ibundaet  populations  of  vv  terb’rds . Animals 
designated  as  rare  or  endangered  by  the  State  of  California  include: 


Species 

Status 

(Mast’  ophis 

lateralis  euryxanth s) 

Rare 

Alatt.C  Ca.  St:  ip. 

■d  tacer 

(Tbamnophis  c 

■cuchi  gigas) 

Rare 

giant  qarte:  ■ 

ike 

The  A'  i tnedu  s imped  racei  is  usually  associated  with  chaparral,  but 
als  ) jccui  ■ i ■:  isslnnds,  woods  and  on  rocky  s >g  is.  The  loss  of 
hath  ‘at  due  i > ce-itpHic'ion  and  development  has  reduced  the  numbers 
of  ti  is  spn  i . . ' h . giant  g.ater  snake  is  confined  to  areas  around 

p tnnnent  * r*  '•  wat.  and  has  been  reduced  in  number  by  the  filling 
of  sloughs,  • ie  dn.it  ing  of  marshes  and  other  land  use  changes. 

Recre  age  Actual  recreation  in  the  site  is  undefined  but  is 
considered  b h because  of  limited  public  access. 

The  fish  no  :n  this  area  consists  of  wa  mwater  species,  mainly 
bans,  caifis  i anil  cr  >pp;o  in  the  teservoirs.  T.  e but, ‘ing  includes 
dn.-r,  quail,  < ;v<  r.  ,>.nd  rabbits.  Hiking  and  horn  :.•••:  tiding  sites 
arc  av.  ilable  in  ‘ms  aiva.  Also  found  in  this  area,  is  camping, 
picnicking,  boa  tar  t and  swimming. 

The  mars1  1.  nd  and  foothill  land  offer  go:  1 opportunities  for 
wildlife  and  h 'bi'.at  bs^i  vat  ion.  Caves  and  caverns  on  this  site 
might  offer  umk  .a  re  ••ea-ior.  .or  Pay  A.  ea  residents. 

G -fi4 


special  Considerations.  Good  fish  and  wildlife  habitats  are 
scarce  in  the  area  due  in  a large  part  to  arid  conditions  and  present 
land  uses.  Use  of  the  higher  elevations  for  wastewater  disposal 
would  alter  the  wild  land  remaining  in  the  district,  but  wastewater 
disposal  may  enhance  wildlife  if  proper  management  of  the  aiea  is 
exercised . 

Special  attention  should  be  given  to  the  enhancement  of 
existing  wild  land  systems  and  to  the  creation  of  nature  parks  and 
recreational  fisheries  because  of  the  proximity  to  sources  of 
recreational  users. 
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Site  43 


Site  43  is  located  in  San  Joaquin  County  southwest  of  Stockton 
and  encompasses  Union  and  Robert's  Islands.  This  area  of  the  Delta 
is  generally  bounded  and  intersected  by  channels  of  the  San  Joaquin 
River  and  various  canals.  Much  of  the  land  is  at  or  below  sea  level 
and  was  claimed  from  tidal  marsh  lands.  It  is  now  maintained  for 
agricultural  purposes  by  levees  and  pump-out  drainage.-  systems. 

Water  systems  in  the  area  are  a complex  of  freshwater  tidal  channels 
that  vary  seasonally  in  response  to  flooding  and  pumping  schedules  at 
the  federal  and  state  pumps  near  Tracy.  During  most  of  the  year  flows 
along  the  east  and  south  sides  of  the  area  have  relatively  high  total 
dissolved  solids  that  are  contributed  by  the  San  Joaquin  River.  The 
Sacramento  River  water  which  is  transferred  across  the  Delta  by  the 
Central  Valley  and  California  Water  Projects  has  lower  total  dissolved 
solids  concentrations  and  is  used  along  the  north  and  west  sides  of 
the  site.  Water  quality  conditions  in  the  San  Joaquin  River  may  be 
considered  poor  in  the  vicinity  of  Stockton  during  late  summer  beca  se 
of  depressed  levels  of  dissolved  oxygen.  Water  quality  is  otherwise 
good  to  excellent  although  the  water  is  turbid. 

The  Delta  contains  important  fish,  wildlife  and  recreation al 
areas.  The  site  has  a valuable  striped  bass  and  warmwater  fishery, 
it  is  a necessary  spawning  .rca  and  migratory  route  for  anadvomous 
fish,  it  provides  extensive  native  riparian  habitat  for  a great  diversity 
of  birds  and  mammals,  there  are  fallow  agricultural  lands  that  are 
necessary  wintering  grounds  for  waterfowl  and  j;  is  heavily  utilized 
for  recreation  for  a variety  of  purposes.  The  Delta  is  classified  as  a 
Class  1 premium  scenic,  fishery,  wildlife  and  recreational  waterway 
in  the  California  Protected  Waterways  Plan.  In  summary,  it  is  one 
of  the  most  complex  and  valuable  fish  and  wildlife  areas  in  the  slate. 
It  is  also  the  most  intensively  studied  area  in  California  in  regard  to 
its  aquatic  resources. 

Vegetat ion . The  area  is  agricultural  and  is  piincipully  used 
for  grains,  although  asparagus  is  an  important  luxury  crop.  A large 
but  undetermined  percentage  of  the  land  is  cultivated.  Soils  are  peat 
with  sand  ant!  loam.  Natural  plant  communities  are  an  important 
component  of  the  area.  Native  vegetation  is  found  in  the  riparian 
habitat  along  the  channels,  sloughs,  berms  and  channel  islands. 

Most  of  the  native  vegetation  is  on  levees  with  th-  type  and  extent 
dependent  in  part  on  the  ay  - of  the  levee  and  current  levee 
maintenance  practices.  Conditions  may  vary  from  bare  earth,  grass 
and  rock  to  luxuriant  growths  . [ 'urge  hardwood  trees,  brush  and 
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bh.  k:  bin  ml  !cs.  Borins  near  levees  or  in  channels  form  extensive 

and  -’tail  marshes.  Channel  islands  arc  probably  more 
>•  -mplcx  :n  their  vegetative  makeup  than  the  levees 

because  of  the  variety  of  stages  in  island  evolution  and  vegetative 
succession.  Because  of  the  variety  and  importance  to  wildlife  of 
native  voa  • it  ve  ha:  itat  in  Site  43,  any  location  proposed  for  waste- 
'■■■  ’■  : hould  be  invest!  jat<  d for  its  ecological  value  to 

the  surrounding  land. 


Several  ; ’ mt  sp<  ci<  s rej  ted  in  the  irea  ..re  listed  as  rare  or 
endangered  .>n  ire  no'-  d t el  >w: 


fii-’ ' . 

(Cirsiuir.  eoiss. 


Local  T1 

■ dlew  ’.v  Her , 
v'et  places  in 
:i  Ids  n ear  San 

Joaquin  River 


(Ore  • ■ gre.-nei)  Moist  open  plat 

(Cry  i • -in  .sum)  Low  wot  places 

below  3 C j fr  et 


Plant  Community 


Valley  grassland 
’ : sh  wait  : :sh 


fi; 


r_isL«  • 

he  :<  runs  cd 
nd  poor  w at. 

a irlrl  i t i,  .1  %. 


Bite  43  is  a part  • the  migratory  rot*.,  of  a.aadromou 
: ly  Line  * ■ - ! m n,  in:.'  the  Sar.  Jo  igui-  r .ver  system. 

. have  be  n ndangered  in  recent  year*  by  low  flow 
,1 . • • ring  the  aut  . it  lens. 

: i...  ■ migr.t’  eg  or  v. nstrear:1  i..  *.•»»  prin<.  are 
■"'pin  : sir:;  Red  along  t'.cir  rc  mo:’  S r*.  . d 


. a 


in  it  is  no*  rc 
•I  poorei  watt 
3 nurse. y bee 


a n . crl  >js  f>p.  cit  the 
i ality  c ■-.nditpins  . 

■ of  its  r ic  bness  in 
^c  St. t moulds , n.-mv  sn.  11  tisi.es  oi  v.l!  species 

I t’.[  ■ while  :•»  seteened  ut  of  ’he  water 

...  . 

toita  and  Site  43.  Thai  I 

■r*  ■‘•e  am  i tor  striped  lass,  catfish,  laig.*niojth  bar 


;<-c  t v.  ter  . . ■!)*'/  arid  pumping-  rnd  . ->-d 
:ae  ‘.c  . Dredge*  spoils  may  blanket 
f’  ' >l'c  waste  s nd  . ■ r; r ; '•u! rural  ieti  rn  w 
r nr  of  s dm  a an:  • e«  hr  in  aria  in 

'•  of  l ie  are>a  . .,  • r fis  , Tct  , 
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induced  stream  flows  influence  water  quality,  fishery  productivity 
and  fish  migrations  in  the  study  area. 

The  California  Protected  Waterways  Plan  classifies  the 
Sacramento-San  Joaquin  Delta  as  a Class  I striped  bass  and  sturgeon 
fishery.  The  lower  San  Joaquin  and  associated  sloughs  are  also 
listed  as  a Class  I warmwater  fishery.  The  San  Joaquin  River  is  also 
classified  as  a Class  II  salmon  river  and  as  Class  III  for  American 
shad  (in  "good"  water  years,  from  the  mouth  of  the  river  upstream  to 
the  Merced  River). 

Wildlife.  The  vegetation  on  the  levees  in  the  Sacramento- 
San  Joaquin  Delta  provides,  den,  nesting  and  cover  requirements  for 
over  100  wildlife  species.  The  narrow  riparian  habitat  supports  an 
inordinate  number  of  species  as  well  as  populations  of  individuals. 
River  tier,  muskrat,  raccoon  and  opossum  ore  examples  of  resident 
mammals.  Many  migratory  and  resident  birds  depend  upon  the  levee 
vegetation  for  shelter  and  the  agricultural  areas  for  food,  while  others 
may  carry  out  their  entire  life  cycle  in  the  riparian  habitat.  Fallow 
grain  fields  are  important  feeding  and  loafing  areas  for  ducks  , geese 
and  cranes  during  the  winter.  The  non-levood  channel  islands 
(unreclaimed)  with  their  dense  vegetation  of  tides,  brush  and  trees 
p:  ide  the  highest  quality  of  nesting,  roosting  and  escape  cover  ir 

the  Delta  to:  many  species  of  wildlife  , including  perching  b'rds, 

birds  , marsh  birds  , birds  of  prey  and  w iter-ai  i lents 

■ •mi  fail  ■ ire  is . These  channel  island  areas  .ire  also  the  most 
a t:.  *ii  ally  pleasing  areas  in  the  Delta. 

Tht  Delta  Master  Recreation  Plan  (Ref.  51)  recommends  that 
1 ; •he  channel  islands  and  adjacent  levees  in  that  portion  of 

■ i aided  by  Coney  and  Union  Island"  be  designated  as  a 
i a Wildlife  Area".  Other  waterways  within  Site  43  arc 

‘ ; , "protected  use"  or  "natural  use"  areas. 

Tie  Pel  a area  is  a particu)  irly  good  wildlife  area.  Of  special 
i i ■ inting  foi  pheasants  and  waterfowl.  San  Joaquin 

. if.  in  the  lop  ten  counties  in  the  stale  for  hunter  bag  of 
t ' , ['  and  jackrabbits.  Valley  quail  are  numerous  along 
!•  •-ci  s where  good  cover  vegetation  remains. 

Th>-  Delta  waterways  and  adjacent  taimi  , lands  . e important 
•"  ’ irons  for  waterfowl . Sandhill  cranes  may  occasionally  use 
’ a i.  The  county  rates  in  the  top  ten  in  hauler  bag  for  ducks  and 

'Ji  ■ SC  . 
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The  Delta  waterways  support  a large  number  and  variety  of 
birds  and  mammals.  The  Delta  islands  support  breeding  pairs  of  the 
rare  white-tailed  kite  along  with  many  raptors  and  songbirds.  River 
otter  are  common  and  muskrat  are  numerous.  There  is  commercial 
trapping  for  muskrat  and  mink.  Delta  waterways  also  support  beaver. 

Animals  classified  as  rare  or  endangered  by  the  State  of 
Cal ifornia  are: 


Species  Status 

(Thamnophis  couchi  gigas)  Rare 

giant  garter  snake 

(Coccyzus  americanus  occidentalis)  Rare 

California  yellow-billed  cuckoo 

The  giant  garter  snake  is  confined  to  areas  around  permanent 
fresh  water  and  has  been  reduced  in  number  by  the  loss  of  habitats 
when  sloughs  are  filled  or  marsh  areas  drained.  The  California 
yellow- billed  cuckoo  inhabits  dense  streams  uv  vegetation  and  has 
also  been  reduced  in  numbers  and  range  by  loss  of  habitats  to 
agricultural  and  urban  developments. 

Recreation . The  area  supports  an  excellent  fishery  including 
striped  bass  , salmon  and  sturgeon.  Excellent  warmwatcr  fishing  for 
catfish  and  lorgemouth  bass  is  also  available. 

Good  duck  and  pheasant  hunting  is  found  in  the  area  as  well  as 
hunting  for  doves,  rabbits  and  quail. 

Of  special  note  in  the  area  are  the  uncommonly  fine  opportunities 
for  wildlife  observation,  nature  walks,  water  skiing  and  boat  trips. 

This  area  represents  a rare  ind  valuable  marsh  land  and  riparian 
habitat  which  is  unique  in  both  its  quality  and  scope.  The  proximity 
of  this  area  to  three  major  population  centers  indicates  an  opportunity 
to  provide  a high  quality  natural  area  for  a large  number  of  potential 
users.  A large  amount  of  recreation  is  provided  by  commercial 
facilit ies  . 


Special  Considerations . Of  outstanding  importance  to  the 
ecology  of  the  area  are  those  locations  containing  natural  or  unculti- 
vated vegetation.  Most  of  this  habitat  is  on  levees,  is!  aids  and 
berms  along  wit1-  some  marsh  land.  Although  ‘a  rf  ■ 1 "so  the  open 
fields  in  winter,  almost  all  ol  the  wildlife  si  e ue::  no  d>  pendent  to 


some  xtent  on  the  natural  habitats.  The  effects  of  wastewater  appli- 
cations on  natural  habitats  located  on  the  levees,  berms,  islands, 
or  marshes  must  be  evaluated  in  terms  of  ecological  values  and  public 
desires.  Because  these  nonagricultural  habitats  are  in  relatively  short 
supply  in  the  Delta  as  compared  to  crop  land,  ‘heir  status  is  a special 
concern.  Of  specific  concern  arc  the  non-leveed  channel  islands. 

The  Department  of  Fish  and  Game  indicates  that  these  areas  should  be 
preserved  in  their  "natural"  condition.  These  areas  are  prime  habitats 
for  white-tailed  kite,  waterfowl  and  many  other  animals.  The 
maintenance  of  the  vegetative  habitat  of  the  islands  as  well  as  the 
riparian  habitat  of  the  levees,  berms  and  marshes  is  considered  of 
primary  importance. 

Consideration  should  also  be  given  to  potential  changes  in 
water  quality  and  the  aquatic  environment.  Water  quality  in  the  San 
Joaquin  River  from  Moss  Landing  to  Turner  Cut,  which  borders  on  part 
of  the  study  area,  currently  is  less  than  desirable.  Degradation  is 
mainly  caused  by  excessively  high  salt  content,  nutrients  and  organic 
loading.  During  low  flow  periods  most  of  this  water  is  mixed  will: 
Sacramento  River  water  and  transported  south  via  the  Delta-Mendota 
Canal  and  the  California  Aqueduct.  Thus,  the  quality  of  water  along 
the  west  side  of  the  project  area  is  decidcly  better  than  in  the  San 
Joaquin  and  Old  River  channels. 

Water  quality  in  dead-end  sloughs  can  vary  and  is  better  at 
the  open  end.  Such  characteristics  affect  the  usefulness  of  these 
sloughs  for  fishing. 

Water  quality  in  the  main  channels  may  limit  fish  behavior, 
productivity  and  reproduction.  Low  levels  of  dissolved  oxygen  that 
occur  in  the  San  Jo  jquin  River  have  caused  fish  kills.  The  high  level 
of  total  dissolved  solids  is  thought  to  inhibit  the  spawning  of  striped 
bass.  Poor  water  quality  and  insufficient  flows  in  the  San  Joaquin 
River  inhibit  the  migrations  of  salmon  and  sleelheud. 

Changes  in  native  riparian  habitats,  water  quality,  wintertime 
use  of  fields  by  waterfowl  and  recreational  access  and  uses  should  be 
studied  for  potential  projects. 
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